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REPORT  OF  COUNCIL  AND  FINANCIAL  STATEMENT 
FOR  THE  YEAR  ENDED  DECEMBER  31st,   1922. 

During  1922  the  mining  and  metallurgical  industries  of 
the  country  have  made  considerable  advancement  and  there 
is  every  reason  to  be  gratified  with  the  general  improvement 
in  the  production  of  gold,  silver,  nickel,  copper,  lead  and  zinc 
throughout  the  year.  A  decided  increase  in  the  production  of 
gold,  silver,  lead  and  zinc  was  recorded,  the  gold  production 
for  the  Province  of  Ontario  exceeded  by  forty  percent  the 
production  of  that  province  in  1921  while  the  production  for 
the  whole  Dominion  advanced  thirty  percent.  Council  is 
gratified  with  the  substantial  improvement  in  the  mining 
industry  of  the  country  throughout  the  year  and  is  hopeful 
that  the  year  we  are  now  entered  upon  will  show  a  further 
and  continued  improvement. 

Secretary-Treasurer's  Visits  to  Branches. 

During  the  year  the  Secretary-Treasurer  visited  branches 
in  Toronto,  Ottawa,  Thetford  Mines  and  the  Mining  Society 
of  Nova  Scotia  in  Sydney.  It  was  intended  that  a  tour  of 
western  branches  should  be  made  similar  to  that  undertaken 
in  1921,  but  as  a  measure  of  economy,  the  western  tour  had  to 
be  cancelled.  While  regretting  the  necessity  of  cancelling  the 
Secretary's  western  trip,  including  his  attendance  at  the  Annual 
Western  Meeting  in  Vancouver,  Council  took  this  step  solely 
in  recognition  of  the  fact  that  the  expenses  in  connection 
therewith  were  beyond  the  resources  of  the  Institute.  There 
is  no  guarantee  that  the  Secretary  will  be  enabled  to  make  a 
tour  of  western  branches  during  the  present  year,  unless  the 
financial  resources  of  the  Institute  are  improved  beyond  pre- 
sent expectation. 

Engineering  Legislation,  Province  of  Ontario. 

An  Act  with  respect  to  the  registration  of  professional 
engineers  in  the  province  of  Ontario  was  passed  by  the  Provin- 
cial legislature  on  June  5th,  1922.     The  Act,  in  the  form  finally 
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adopted,  provides  for  and  recognizes  the  registration  of  engin- 
eers without  compulsion.  No  penalties  are  provided  for  non- 
registration. 

Dominion  Mines  Act. 

The  attention  of  Council  was  directed  to  an  Order-in- 
Council  of  the  Dominion  Government  dated  25th  September 
1922,  applying  to  Dominion  lands,  which  prevents  the  location 
of  more  than  one  mining  claim  in  the  same  mining  district  in 
the  name  of  the  locator  or  in  the  name  of  any  other  person  for 
his  benefit,  for  a  period  of  sixty  days  from  the  date  of  such 
location.  On  representation  from  the  Manitoba  Branch,  Council 
has  submitted  the  matter  for  the  advice  of  branches  in  Mani- 
toba, Saskatchewan,  and  Alberta  and  will  await  such  advice 
before  making  formal  presentation  of  the  matter  to  the  Federa 
Government. 

Amendment  to  By-Law  number  Thirty-Eight. 

The  scrutineers  appointed  to  examine  the  ballot  for  the 
proposed  amendment  of  the  By-laws  in  connection  with  the 
status  of  the  Annual  Western  Meeting  of  the  Institute  reported 
that  amendment  B  —  (IB)  —  (2B)  was  carried  by  a  large 
majority.  The  amendment  provides  that  "the  Western 
Meeting  of  the  Institute  shall  be  held  during  the  months  of 
September,  October,  or  November  in  each  year,  at  some  place 
in  Western  Canada  including  Western  Ontario,  the  time  and 
place  to  be  determined  by  Council.  The  determination  of  the 
place  of  meeting  shall  be  made  at  least  two  months  prior  to 
the  date  of  the  Western  Meeting.  At  the  Western  Meeting 
there  may  be  transacted  any  business  except  such  as  may, 
according  to  By-law,  be  transacted  only  at  the  Annual  Meeting, 
but  if  such  transacted  business  in  the  opinion  of  a  regular 
meeting  of  Council  conflicts  with  the  policies  of  the  Institute 
such  business  shall  remain  in  abeyance  until  the  Annual 
Meeting  next  held  when  it  shall  be  brought  up  for  discussion 
and  decided  on." 

Meetings. 

The  Twenty- fourth  Annual  General  Meeting  of  the  In- 
stitute was  held  in  Ottawa  on  March  the  1st,  2nd  and  3rd, 
1922.     The  official  register  of  members  in  attendance  was  two 


Report  of  Council,  1922  3 

hundred  and  twelve  while  twenty-nine  ladies  signed  the  ladies' 
register.  The  meeting  was  characterised  by  several  departures 
from  the  established  procedure  of  former  years.  Headquarters 
of  the  meeting  was  located  in  the  Victoria  Museum.  Practi- 
cally all  papers  were  printed  in  advance  of  the  meeting  which 
gave  excellent  opportunity  for  matured  discussion  and  allowed 
an  active  press  committee  to  prepare  synopses  for  the  news- 
papers. The  papers  presented  were  all  of  decided  merit  and 
dealt  principally  with  the  gold  production  of  northern  Ontario. 

The  third  Annual  General  Meeting  of  the  British  Columbia 
Division  was  held  in  Vancouver  on  February  13th,  14th  and 
15th,  1922  and  in  point  of  attendance  and  interest  displayed 
established  a  new  record  for  Institute  meetings  in  British 
Columbia.  A  special  feature  of  the  Meeting  was  a  series  of 
luncheons  for  the  three  days  with  the  Vancouver  Board  of 
Trade,  the  Rotary  Club,  and  the  Corporation  of  the  City  of 
Vancouver,  respectively,  acting  as  hosts  on  the  several  occa- 
sions. A  number  of  excellent  technical  papers  were  presented 
and  discussed  and  the  two  social  functions,  the  dinner  and  the 
smoker  were  both  much  enjoyed. 

The  thirtieth  Annual  Meeting  of  the  Mining  Society  of 
Nova  Scotia  was  held  in  Sydney,  Cape  Breton,  on  the  30th  and 
31st  of  May  1922.  Approximately  fifty  members  were  pres- 
ent. The  guests  of  the  Society  included  the  Hon.  E.  H.  Arm- 
strong, Minister  of  Mines,  Mr.  W.  B.  Timm  of  Ottawa  and  the 
Secretary- Treasurer  representing  the  Institute.  The  pro- 
gramme included  an  excellent  series  of  papers  relating  to  vari- 
ous phases  of  coal  mining  the  sessions  being  well  attended  and 
thoroughly  enjoyed. 

The  fourth  Annual  Western  Meeting  of  the  Institute  was 
held  in  Vancouver,  B.C.,  on  November  15th,  16th  and  17th, 
1922.  An  evening  session  was  held  in  Nanaimo  on  the  17th 
and  a  visit  was  paid  to  various  collieries  in  that  vicinity.  Two 
hundred  and  sixty  members  and  guests  signed  the  register. 
The  Meeting  was  presided  over  by  the  President,  Mr.  W.  R. 
Wilson.  Members  from  Eastern  Canada  present  being,  Mr. 
C.  M.  Odell,  representing  the  Mining  Society  of  Nova  Scotia, 
Mr.  A.  G.  Burrows,  representing  the  Toronto  Branch,  Dr. 
R.  C.  Wallace,  representing  the  Manitoba  Branch,  Dr.  J.  A. 
<\llan,  Mr.  J.  A.  Richards,  representing  the  Northern  Alberta 
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Branch  and  Mr.  T.  A.  Rickard  represented  the  San  Francisco 
Section  of  the  American  Institute  of  Mining  and  Metallurgical 
Engineers.  The  meeting  was  characterized  by  a  variety  of 
excellent  papers,  which  being  printed  previously  in  the  Bulle- 
tin, afforded  the  members  ample  opportunity  for  considered 
discussion. 

Affiliated  Societies  and  Branches. 

The  list  of  affiliated  societies  and  branches  printed  in  the  re- 
port of  Council  for  1921  remains  the  same  for  this  year  except 
for  the  important  addition  of  a  new  branch  organized  at  Este- 
van,Saskatchewan,  as  the  Southern  Saskatchewan  Branch.  The 
establishment  of  this  branch  is  due  to  the  energy  and  interest 
displayed  by  Robert  J.  Lee,  A.  A.  Miller  and  John  Galloway, 
all  residents  of  the  Souris  Valley.  Mr.  Robert  J.  Lee  has  been 
particularly  active  in  securing  new  members  for  the  Institute 
in  Southern  Saskatchewan  and  it  is  largely  through  his  efforts 
that  the  branch  has  been  successfully  launched.  All  branch 
organizations  have  been  active  throughout,  the  year  some  of 
them  have  displayed  more  energy  than  others  but  all  have 
contributed  measurable  assistance  in  sustaining  the  Institute. 

Affiliated  Student  Societies. 

There  are  now  five  Student  Societies  in  affiliation  with 
the  Institute.     These  are: — 

The  Mining  and  Geological  Society,  University  of  Alberta, 
with  a  membership  of  thirteen. 

The  Mining  and  Metallurgical  Club,  University  of  Toronto, 
with  a  membership  of  forty. 

The  Mining  and  Metallurgical  Society  of  Queens  Uni- 
versity, with  a  membership  of  fifty. 

The  Mining  and  Metallurgical  Society  of  McGill  Uni- 
versity, with  a  membership  of  fifty-two. 

The  Nova  Scotia  Technical  College  Mining  Society,  with 
a  membership  of  eight. 

Considerable  interest  was  taken  in  the  Student's  Compe- 
tition for  the  President's  gold  medal  and  other  prizes,  no  less 
than  fourteen  papers  being  submitted.  The  Committee,  ap- 
pointed by  Council  to  judge  the  papers,  reported  that  owing  to 
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the  general  excellence  of  the  contributions  a  good  deal  of  study 
and  balancing  of  evidence  was  required  in  reaching  decisions. 
The  awards  were  as  follows: — 

First  Prize:  The  President's  Gold  Medal  and  $25.00  cash. 
Awarded  to  C.  S.  Gibson,  Queens  University,  for  his  paper, 
"The  Mclntyre-Porcupine  Mines  Ltd.,  Schumacher,  Ont." 

Second  Prize:  SI 5.00  cash.  Awarded  to  J.  B.  Mawdsley, 
Graduate  College,  Princeton,  N.J.,  for  his  paper,  'The  Square- 
Set  Method  of  Stoping  at  Butte." 

Third  Prize:  S10.00  cash.  Awarded  to  C.  R.  Whittemore, 
of  McGill  University,  for  his  paper,  "The  Geology  and  Con- 
centration of  Rossland  Ore." 

Council  expresses  the  hope  that  these  annual  competitions 
will  continue  to  attract  contributions  from  members  of  the 
affiliated  student  societies  as  well  as  from  student  members  of 
the  Institute. 

Publications. 

Twelve  numbers  of  the  Monthly  Bulletin  have  been 
published  during  the  year.  Special  contributors  to  the  Bul- 
letin throughout  the  year  were  the  Hon.  Robert  Drummond, 
Mr.  R.  R.  Rose,  Mr.  A.  A.  Cole,  Mr.  Robert  Dunn,  Mr.  A.  C. 
Cameron,  Mr.  Robert  J.  Lee,  Mr.  L.  G.  Thomas,  Mr.  F.  S. 
Flowers,  Mr.  R.  H.  Hague,  Mr.  A.  C.  Dufresne,  Mr.  R.  Stra- 
chan,  Mr.  H.  Mortimer-Lamb  and  others.  Thanks  are  due  to 
the  Engineering  and  Mining  Journal  Press  for  continued 
contributions  to  the  Metal  Market  Review. 

Council  has  decided,  for  financial  reasons,  to  limit  the  con- 
tents of  the  Monthly  Bulletin  to  Institute  business  only  and 
to  issue  this  publication  in  the  form  of  a  combined  Bulletin 
and  Transactions.  The  combined  Bulletin  and  Tran- 
sactions automatically  becomes  the  "Journal"  of  the  Institute 
referred  to  in  the  By-laws.  For  the  convenience  of  members 
who  do  not  wish  to  break  the  continuity  of  their  sets  of  volumes 
of  the  Annual  Transactions  a  limited  number  of  bound 
volumes  will  be  available  at  special  prices. 

Volume  twenty-three  of  the  Annual  Transactions  was 
issued  at  the  end  of  1921.  Volume  twenty- four  was  issued 
about  mid-summer  1922.  Volume  twenty-five  is  now  in  pro- 
cess and  should  be  ready  for  distribution  in  June  1923.     Council 
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desires  to  express  its  thanks  to  all  of  the  contributors  to  the 
publications  of  the  Institute. 

Library. 

No  books  other  than  the  usual  annual  publications  have 
been  bought  for  the  library.  Institute  Transactions,  com- 
prising volumes  still  in  print,  were  presented  to  the  libraries 
of  The  Mining  Institute,  Petrograd,  Russia  and  the  Science 
Museum,  South  Kensington,  London,  England. 

Membership. 

The  membership  roll  of  the  Institute,  so  far  as  total 
members  are  concerned,  stands  practically  the  same  as  at  De- 
cember 31st,  1921.  A  number  of  elections  took  place  through- 
out the  year  but  these  were  offset  through  the  deaths,  regis- 
trations and  removals  of  old  members.  Changes  in  membership 
which  occurred  through  the  year  are  set  forth  in  the  accom- 
panying tabulated  statement  which  compares  the  membership 
list  of  the  previous  year. 

The  loss  by  death  of  the  following  members  is  recorded 
with  deep  regret. 

J.  D.  Mckenzie, 

S.  McVicar, 

Dudley  Mitchell, 

J.  E.  Murphy,  Jr., 

C.  J.  Osman, 

W.  E.  Prisk, 

H.  E.  Rice, 

The  following  resignations  were  accepted  by  Council 
during  the  year: — 


Wm.  Anderson, 
W.  H.  Armstrong, 
S.  L.  Donaldson, 

{Student) 
H.  H.  Elfish, 
Arthur  Ferland, 
Geo.  W.  Greenwell, 


Wm.  Shaw, 
Hon.  Geo.  R.  Smith, 
Chas.  E.  Taylor, 
John  B.  Thomas, 
Wm.  Thomlinson, 
R.  W.  Thomson. 


L.  Ashley, 
J.  J.  Ash  worth, 
Philip  P.  Baily, 
Roger  Beck, 
Henry  E.  Bennett, 
Jas.  E.  Doyle, 
C.  F.  Bristol, 
Wallace  Broad, 
M.  J.  Butler, 
B.  W.  Coghlin, 
R.  E.  Commans, 


A.  Giguire, 
A.  D.  Harper, 
W.  H.  Hilton, 
Chas.  Holden, 
O.  H.  Hughill, 
L.  D.  Huntoon, 
Roland  T.  Irwin, 
H.  M.  Jaquays, 
N.  H.  Jones, 
Wm.  Kent, 
J.  R.  Kingham, 


A.  C.  Oberg, 
Frank  M.  Oliver, 
John  Parkinson, 
F.  S.  Pearce, 
S.  Price, 
Albert  Roberts, 
Thos.  Robson, 
A.  N.  Scott, 
I.  L.  Sills, 
W.  H.  Soule, 
Ernest  Spafford, 
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Bart.  Connars, 
P.  S.  Couldrey, 
John  Crawford, 
L.  A.  Dean, 
F.  W.  Dennis, 
J.  R.  Dickinson, 
John  H.  Disney, 
Walter  M.  Dowdell, 
S.  Dufault, 
Geo.  E.  Ede, 
W.  J.  Embury, 
Fred  W.  Field, 
C.  F.  J.  Galloway, 


(Student), 
O.  Lachmund, 

E.  Larochelle, 

F.  H.  Latimer, 
H.  D.  Lawrence, 
Thos.  Lloyd, 

R.  D.  Longyear, 
W.  S.  McCann, 

G.  L.  McClennan, 
A.  McKendrick, 
D.  Matheson, 

A.  G.  Murray, 
Walter  Neal. 
(Signed) 

W.  R. 


W.  J.  Stairs, 
Wm.  R.  Stevenson, 
A.  M.  Stewart, 
J.  A.  Swanson, 
W.  L.  Swanson, 
C.  F.  H.  Twelves, 

(Student), 
W.  F.  Tye, 
W.  H.  Webb, 
E.  W.  Widdowson, 
A.  L.  Winckler, 
Bush.  Winning, 


Wilson, 
President. 

G.  C.  Mackenzie, 
Secretary-  Treasurer. 

Treasurer's  Report. 

Council  would  direct  the  attention  of  members  to  the 
appended  Treasurer's  statement  which  again  shows  an  operating 
deficit  for  the  year.  This  deficit  is  larger  than  had  been  anti- 
cipated and  may  be  accounted  for  almost  entirely  by  increased 
cost  of  publications  which  included  not  only  twelve  issues  of 
the  Monthly  Bulletin  but  also  Volumes  XXIII  and  XXIV 
of  the  Annual  Transactions,  all  of  which  expense  was  ab- 
sorbed during  the  year.  It  should  also  be  noted  that  revenue 
from  membership  dues  has  remained  practically  fixed  for  the 
past  two  years.  Council  desires  to  emphasize  the  fact  that 
the  adoption  of  the  enlarged  programme  inaugurated  in  1920 
has  not  met  with  the  expectations  of  that  time  and  that  while 
expenses  have  increased  at  a  rapid  rate  the  income  of  the 
Institute  has  remained  practically  stationary.  This  situation 
has  not  developed  suddenly.  Council  had,  in  1920,  estimated 
a  probable  annual  deficit  of  $5,000.00  for  the  first  two  years 
of  the  expanded  programme  and  they  were  prepared  to  face 
these  deficits  in  expectation  that  the  third  year  would  result 
in  largely  increased  activity  and  revenue.  We  are  now  com- 
mencing the  third  year  and  notwithstanding  the  deficits  for 
1921  and  1922  the  estimated  budget  for  1923  indicates  very 
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clearly  that  if  the  expanded  programme  is  continued  a  further 
and  heavier  deficit  will  result. 

In  view  of  this  financial  condition  Council  has,  with  re- 
luctance, been  obliged  to  abandon,  for  the  time  being  at  least, 
the  expanded  programme  entered  upon  in  1920  and  therefore 
the  Institute's  editorial  and  secretarial  duties  will  again  be 
combined  and  undertaken  by  the  Secretary-Treasurer  while 
travelling  expenses  will  be  reduced  to  the  absolute  minimum. 
Council  records,  with  appreciation,  the  fact  that  the  last 
two  General  Western  Meetings  of  the  Institute  held  in  Ed- 
monton and  Vancouver  respectively  were  financed  almost  en- 
tirely by  the  western  members  without  drawing  upon  the  funds 
of  the  Institute.  It  is  hardly  necessary  to  point  out  that  if 
the  Institute  had  been  required  to  finance  these  Western  Meet- 
ings, in  addition  to  the  Annual  General  Meeting,  the  deficits 
for  the  past  two  years  would  have  been  considerably  larger. 
The  revenue  for  the  year  has  been  insufficient  to  meet  all 
obligations.  Depreciation  has  not  been  allowed  for  because 
we  have  now  depreciated  our  furniture,  fixtures  and  library 
by  over  fifty  per  cent.  The  small  cash  balance  at  the  end  of  the 
year  is  sufficient  to  cover  outstanding  liabilities.  The  receipts 
and  disbursements  during  the  year  ending  December  31st, 
1922,  were  as  follows: —      Receipts 

Cash  in  Bank,  Jan.  1st,  1922 $  4,062.38 

Subscriptions:  Annual $11,377.40 

Student 205.00 

Arrears 768.00 

Advance 193.50 

Life 200.00 

$12,743.90 

Publications:    Sales 690.64 

Advertisements 3,350.56 

Binding 476.50 

Index 12.00 

4,529.70 

Revenue  from  Investments 1,132.50 

Bank  Interest 78.44 

1,210.94 

Dominion  Government  Grant 3,000.00 

Sale  of  Institute  Buttons 19.00 

Donation 1,000.00 

Bonds  Matured:  22,503.54 

Dominion  Cottons  Ltd.  6% 4,000.00 

Dom.  of  Canada  5%%  1922 2,000.00 

6,000.00 

28,503.54 

$32,565.92 
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Disbursements 


Publications: 

Printing  and  distributing $15,505.48 

Editors'  salaries 1,650.00 

Miscellaneous: 

Rents,  rates  and  taxes 2,041.61 

Telegrams  and  telephones 226.88 

Office  salaries 8,375.11 

Honorarium  Secretary  Emeritus ...  1 ,000.00 

Postage 757.62 

Printing  and  stationery 763.02 

Express 77.88 

Travelling  expenses 531.48 

Annual  meeting 609.57 

Branches 64.24 

General  expense 311.20 

Prizes 31.55 

General  expense 

Permanent : 

Library 

Furniture  and  fixture 

Cash  in  Bank,  December  31st 


Audited  and  Verified. 

(Signed)  P.  S.  Ross  &  Sons. 
Chartered  Accountants. 
Montreal,  January  8th,  1923. 


$17,155  48 


14,790.16 


18.50 
25.65 


31,945.64 


44.15 
57613 

$32,565.92 


G.  C.  Mackenzie, 

Treasurer, 


THE  INSTITUTE  AND  ITS  RELATION  TO  INDUSTRY* 

By  W.  R.  Wilson. 

Some  twenty-five  years  ago,  twenty-three  men  who  were 
interested  in  the  pursuits  of  geology,  mining  and  metallurgy 
and  kindred  subjects,  applied  for  articles  of  incorporation  of 
this  Institute.  All  of  us,  therefore,  who  are  able  to  be  present 
here  to-day,  on  the  occasion  of  this  first  quarter  of  a  century 
birthday  of  the  Institute,  should  look  upon  this  day  with  more 
than  ordinary  pleasure  and  interest.  When  the  twenty-three 
worthy  men  conceived  the  idea  that  opportunities,  in  some 
form,  should  be  provided  for  men  engaged  in  geological  investig- 
ations, metallurgical  pursuits,  and  progressive  mining,  they 
could  not  have  thought  of  a  better  plan  than  the  one  they 
adopted  —  the  formation  of  this  Institute. 

This  association,  through  its  widely  scattered  Branches, 
and  through  the  general  medium  of  its  Headquarters,  affords 
us  opportunities  for  coming  together  at  convenient  times  to 
seek  and  discuss  information  on  the  various  problems  that 
may  beset  us  in  our  current  daily  activities. 

When  the  organizers  of  this  Institute  formulated  their 
plans,  they  doubtless  realized  the  vast  extent  of  this  Dominion 
spreading  from  east  to  west,  and  from  south  to  north.  They 
had  a  general  idea  of  the  wide  extent  of  the  great  fuel  beds  of 
our  country  as  they  lay  embedded  in  serial  and  diversified 
order  in  the  various  provinces  of  the  Dominion.  The  early 
members  of  this  Institute  well  knew  of  the  latent  possibilities 
in  the  immense  coal  areas  and  of  their  potential  and  prospective 
values  to  this  and  future  generations  of  Canadians.  I  think 
I  am  justified  in  drawing  the  inference  that  the  men  who 
organized  this  Institute  were  also  mindful  of  the  fact  that  as 
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the  various  potential  fuel  and  mineral  deposits  received  atten- 
tion, through,  and  by  the  requirements  of  a  progressive  and 
increasing  population,  in  following  the  order  of  development, 
that  many  and  varied  mining  conditions  would  arise. 

The  widely  distributed  coal  beds,  which  we  now  perhaps 
more  clearly  understand,  vary  greatly  in  physical  outline  and 
economic  structure.  Some  of  these  beds  are  seated  above 
drainage,  others  again  in  the  high  mountain  regions  of  the 
west  are  found  buried  from  2,000  feet  to  possibly  5,000  feet 
below  the  escarpment  of  highly  tilted  mountain  masses.  The 
attending  complex  and  varying  physical  condition  will,  in  all 
probability  at  some  future  period  in  the  history  of  this  country, 
call  for  greater  skill  on  the  part  of  coal  mining  engineers  than 
has  been  required  during  the  past  history  of  coal  mining  on 
this  continent. 

The  founders  of  our  Institute  also  possessed  a  clear  idea 
of  the  future  possibilities  of  the  large  metal  mining  areas  in 
the  different  provinces  which  are  now  offering  so  much 
encouragement  to  the  practical  prospector,  and  to  his  friends 
who  desire  reasonable  opportunities  for  safe  investments  in 
mining  ventures  of  this  nature.  Our  founders  knew  that 
some  day,  not  far  distant  from  the  birth  of  this  Institute  in 
1898,  these  vast  mineral  areas  would  receive  attention  from 
mining  men  and  capitalists  wherever  promising  mineral 
localities  justified  that  attention. 

With  prevision  they  anticipated,  that  as  progressive 
mining  developments  proceeded  from  year  to  year  in  the 
newer  mining  districts,  scattered  throughout  the  various 
provinces,  new  and  complex  problems  in  geology,  mining 
and  metallurgy  would  require  study  for  their  solution. 
Holding  these  ideas  they  conceived  the  plan  of  organizing 
this  Institute  in  the  belief  that  if  these  problems  were  to  be 
dealt  with  wisely  means  must  be  provided  to  draw  together 
the  men  engaged  in  the  various  stages  of  this  progressive 
development.  Thus  the  Institute  was  formed,  —  to  enable 
such  men  to  meet  and  discuss  their  various  problems  so  that 
they  should  be  instrumental  in  serving  the  industries  and 
in  helping  one  another. 
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I  have  dwelt  at  some  length  on  the  subject  of  the 
functions  and  ideals  of  this  Institute  which,  I  am  sure,  you 
will  all  agree  is  a  theme  worthy  of  contemplation. 

During  the  last  twenty-five  years,  since  1898,  the  Institute 
has  selected  from  its  members,  men  who  were  capable  of 
discretely  sharing  in  the  responsible  direction  of  the  Institute's 
business  affairs.  Hence,  because  of  this  continuity  of  over- 
sight and  careful  direction,  I  am  privileged,  at  this  time, 
in  being  able  to  present  the  following  statistical  figures. 

The  Institute  started  in  1898  with  23  charter  members, 
whereas  our  1922  records  show  that  we  now  have  on  our  rolls 
1620  members  of  all  classes.  These  figures  indicate  that 
membership  has  increased  at  the  average  rate  of  from  30  to 
63  members  per  year. 

The  relation  between  the  growth  in  Institute  membership 
and  the  growth  in  the  value  of  our  coal  and  general  mineral 
production  may,  for  general  purposes  of  comparison,  be  stated 
as  follows. 

In  the  year  1898  the  total  value  of  Canadian  mineral 
production  was  $38,412,431.  In  the  year  1918,  or  20  years 
later,  the  total  value  of  Canadian  mineral  production  was 
$211,301,897.  This  was  an  improvement,  during  the  20 
years  period,  of  $172,889,466  or  about  450  per  cent.  For 
purposes  of  comparison  we  may  say  that  the  value  of  the 
Canadian  mineral  production  has  increased  at  the  rate  of 
22^  per  cent  annually.  The  Institute  may  draw  a  practical 
lesson  from  the  figures  —  for  example. 

If  we  may  assume,  with  safety,  that  the  average  yearly 
rate  of  increase  in  the  value  of  our  mineral  production  is  going 
to  continue  throughout  the  next  20  years,  at  the  same  rate 
of  increase  we  have  observed  in  the  past  twenty  years;  then 
the  opportunities  for  service  in  the  various  branches  of  engin- 
eering applied  to  mine  investigation,  mine  production,  and  the 
treatment  and  reduction  of  minerals  will  in  all  probability  also 
increase  at  the  average  rate  of  20  per  cent  yearly.  We  may 
also  venture  the  assumption,  with  consistancy  of  purpose 
that,  at  least,  corresponding  opportunities  for  additional  safe 
and  sound  investments  of  capital  in  mining  projects  are  to  be 
anticipated  and  legitimately  encouraged.     I  may  add  that  I 
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am  only  one  of  many  men  who  hold  the  belief  that  the  widely 
distributed  mineral  wealth  of  Canada  fully  justify  this  encour- 
aging  assumption. 

My  observations  have  been  based,  so  far,  largely  on  the 

Institute's  collaborations  throughout  the  past  because  I  feel 
that  to  the  members  of  the  Institute,  who  for  years  have 
devoted  their  time  and  talents  freely  in  building  upon  the 
ideals  of  the  Institute  I  owe  at  least,  this  measure  of  considera- 
tion. The  one  great  and  creditable  purpose  of  our  Councillors 
all  through  the  25  years  of  the  Institute's  history  has  been 
to  provide  means  for  disseminating  the  knowledge  they  them- 
selves have  acquired  through  years  of  study,  —  through  years 
of  patient  investigations,  —  and  through  doing  things  that 
gave  them  the  essence  of  understanding,  which  only  come 
through  intensity  of  application  to  the  duties  and  responsibilities 
that  men  undertake. 

As  members  of  this  Institute  we  have  been  fortunate  in 
receiving  these  benefits  through  contact  with  the  men  who 
have  filled  the  offices  of  the  Institute,  and  we  cannot  do  even 
honest  justice  to  ourselves  if  we  fail  to  give  these  worthy 
men  that  measure  of  reverent  regard  which  they  have  earned 
through  their  devotion  to  the  progress  and  welfare  of  this 
association. 

Imbued  with  this  one  paramount  idea,  in  harmony  with 
the  spirit  of  the  Institute,  members  have  devoted  their  time 
and  talents,  year  after  year,  to  the  special  study  of  subjects 
and  have  presented  papers  and  illustrative  addresses  before 
the  Institute.  All  of  these  generous  contributions  have 
sprung  from  a  common  inspiration  —  the  unselfish  desire  to 
do  good  through  the  friendly  dissemination  of  knowledge  — 
the  fulfilment  of  the  one  great  purpose  of  human  life. 

I  am  greatly  pleased  to  find  that  full  appreciation  of  the 
deep  meaning  of  this  form  of  fellowship  and  inspiration  has 
been  continued  up  to  and  through  the  year  of  1922,  during 
which  year  some  67  contributions  to  the  Institute's  Transactions 
have  been  given  through  the  different  Branches  and  at  the 
meetings  held  at  our  Headquarters. 

These  contributions,  while  they  vary  materially  in  their 
context  and  importance,  are  all  deserving  of  friendly  recognition, 
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for  in  applied  purpose,  they  are  intended  by  the  authors  to 
stimulate  and  extend  the  progress  of  the  Institute. 

The  papers  that  have  been  presented  during  the  past 
year  may  be  classified  as  follows: 

Papers  on  Geology 13 

Papers  on  Metallurgy 5 

Papers  on  Coal  Mining 14 

Papers  on  Metal  Mining 6 

Papers  on  Mining  practices 6 

Papers  on  Subjects  related  to  Mining 15 

Papers  on  Institute  Organization  and  Procedure 8 

Total 67 

Throughout  the  whole  67  papers  the  contributors  have 
shown  a  worthy  regard  for  the  history  of  the  Institute, 
a  wholesome  indication  of  the  respect  which  the  organization 
inspires.  Our  members  continue  to  realize  that  it  is  possible 
for  the  Institute  to  serve  a  useful  purpose,  first  through  the 
interchange  of  thought  and  experience  amongst  themselves, 
and  secondly  through  the  opportunities  for  improvement 
that  are  afforded  by  this  form  of  privileged  intercourse.  As 
we  take  advantage  of  these  opportunities  for  acquiring  useful 
knowledge,  we  will  fulfill  the  various  trusts  and  responsibilities 
assigned  to  our  care  and  investors  will  always  find  our  selection 
for  responsible  management  to  be  one  of  mutual  benefit. 


THE   FUEL  SITUATION   IN   CANADA. 
By  B.  F.  Haanel. 

(Annual  and  General  Meeting,  Montreal  1923) 

In  order  to  discuss  intelligently  the  "Fuel  Situation  in 
Canada"  and  the  many  dissimilar  problems  to  which  present 
day  conditions  have  given  rise,  it  is  necessary,  first  to  review 
the  "Fuel  Resources"  in  this  country. 

The  "Fuel  Resources"  of  Canada  comprise  the  coals  of 
British  Columbia,  Alberta  and  Saskatchewan  in  the  West, 
the  coal  deposits  of  Nova  Scotia  and  New  Brunswick  in  the 
East,  the  large  areas  overlain  by  peat  in  all  parts  of  the 
Dominion,  the  oil  and  natural  gas  fields  of  Ontario,  New 
Brunswick  and  of  the  province  of  Alberta,  and  the  standing 
forests.  If  by  "Fuel  Resources"  is  meant  all  sources  of  "Heat 
and  Energy",  we  must  add  the  enormous  potential  energy 
represented  in  the  developed  and  undeveloped  "Water  Powers" 
distributed  throughout  the  entire  Dominion.  The  total 
sources  of  "Heat  Energy"  are  then: 

1st.      Solid  fuels  —  coals  of  all  kinds,  peat  and  wood; 

2nd.     Natural  gas; 

3rd.     Crude  oil,  and 

4th.  Water  powers. 
When  the  sum  total  of  the  "Heat  Energy"  represented  in 
these  four  classes  of  fuel  resources  is  considered,  it  will  be  seen 
that  Canada  possesses  sufficient  energy  for  heat  and  power  to 
answer  her  requirements,  at  the  present  rate  of  use,  for  an 
indefinite  period,  if  these  fuels  could  be  won  and  distributed 
to  all  parts  of  the  Dominion  economically.  So  far  then  as 
"Fuel  Resources",  irrespective  of  their  location,  are  concerned, 
this  country  does  not  appear  to  be  on  the  brink  of  a  fuel  famine. 

If  now  we  examine  the  geographical  location  of  these 
resources,  we  will  understand  why  people  are  discussing  "Fuel 
Problems".  Nature  has,  unfortunately,  placed  the  enormous 
coal  resources  of  this  country  in  the  extreme  east  and  west, 
apparently  passing  by  that  wide  stretch  of  territory  represented 

(16) 
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by  the  Provinces  of  Manitoba,  Ontario  and  Quebec.  These 
provinces,  according  to  geological  explorations,  are  devoid  of 
any  high  grade  coal  bearing  formations  whatever,  and  possess 
to  only  a  very  small,  practically  negligible  extent,  deposits  of 
the  lower  grade  lignite  coals;  but  are  well  supplied  with 
numerous  deposits  of  peat  suitable  for  the  manufacture  of  fuel. 
Nature,  therefore,  has  not  entirely  forgotten  this  portion  of 
Canada.  The  provinces  of  Quebec  and  Ontario,  especially 
Ontario,  are  also  generously  supplied  with  water  powers. 

A  consideration  of  the  location  of  Canada's  coal  resources 
reveals  the  isolated  position  of  the  Provinces  of  Ontario  and 
Quebec.  These  provinces  are  the  most  thickly  populated,  and 
Ontario  is  more  highly  industrialized  than  any  of  the  others. 
Her  position,  to  a  greater  extent  than  that  of  Quebec,  as 
regards  an  assured  supply  of  fuels  suitable  for  industrial  and 
domestic  purposes  is  exceedingly  unfortunate,  and  one,  which 
may,  if  immediate  measures  are  not  taken  to  ameliorate  the 
situation,  become  of  extreme  gravity. 

The  trend  of  civilization  to-day  makes  it  imperative  that 
any  country  desirous  of  keeping  pace  with  the  intense  indus- 
trial rivalry  of  the  nations  of  the  world,  or  enjoy  an  economic 
existence,  must  have  '  'energy"  for  both  heating  and  power 
purposes  on  equal,  or  nearly  equal,  terms  with  the  most 
favoured.  This  will  be  the  more  readily  understood  when 
one  realizes  that  mechanical  power  and  heat,  more  than  any 
other  agencies,  are  the  backbone  of  our  civilization.  Any 
interruption  of  our  continuous  supply  of  energy  for  power  and 
heat,  will  throw  multitudes  of  people  out  of  work,  and,  if  this 
interruption  be  of  continued  duration,  it  would  make  life  itself, 
in  this  northern  climate,  impossible. 

But  while  "energy"  is  of  absolute  necessity  to  the  industries, 
railways  and  commerce  of  a  country  the  first  essential  is  a 
requisite  quantity  of  "heat  energy"  to  keep  the  homes  of 
Canada's  eight  millions  of  people  warm  during  eight  months 
of  the  year.  If  homes  cannot  be  heated,  industries  will  receive 
small  consideration. 

The  western  and  eastern  provinces  of  Canada,  as  stated 
previously,  are  well  supplied  with  fuels  of  all  kinds,  with  the 
possible  exception  of  crude  oil,  and,  as  far  as  heat  and  power 
are  concerned,  they  are  not  worried  with  a  fuel  problem. 
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But  the  development  of  numerous  new  mines  in  the  western 
coalfields  has  created  a  problem.  This  problem  is  connected 
with  the  marketing  of  the  full  output  of  all  of  the  operating 

mines.  This  unfortunate  condition  can  only  be  corrected  by 
reducing  the  number  of  operating  mines  and  increasing  the 
output  of  a  few  of  the  most  favourably  situated,  to  meet  the 
demands  of  the  present  market.  Nova  Scotia  on  the  other 
hand,  is  faced  with  the  entirely  different  problem  of  producing 
a  sufficient  quantity  of  coal  to  meet  present  day  and  future 
requirements.  Thus  we  are  faced  with  these  two  peculiar 
conditions.  In  the  west,  an  over  production  of  coals  of  all 
kinds  suitable  for  any  and  every  purpose,  for  which  a  market 
cannot  be  found.  In  the  east  the  real  difficulty  of  meeting 
the  requirements  of  a  market  which  might  readily  absorb 
more  coal  than  can  be  produced  under  present  difficult  and 
expensive  mining  operations.  The  adverse  situation  in  the 
west  is  further  aggravated  by  the  substitution  of  fuel  oil  for 
purposes  which  British  Columbia  coals  were  formerly  used. 
The  inroad  made  by  American  oil  during  the  last  few  years 
has  produced  serious  results  and,  though  of  only  a  temporary 
character,  may  eventually  succeed  in  seriously  crippling  certain 
of  the  British  Columbia  Collieries.  At  this  point  I  desire  to 
say  that  patriotism  is  no  panacea  for  this  trouble.  If  oil  can 
be  imported  into  Canada  at  a  price  which  permits  it  to  be  used 
as  a  fuel  at  a  lower  cost  per  heat  unit  than  domestic  coal, 
it  is  sound  economy  to  import  and  use  the  oil.  This  is  an 
advantage  which  the  inhabitants  of  any  country  cannot  afford 
to  ignore. 

The  question  may  now  be  asked  why  the  central  provinces 
of  Canada,  relatively  thickly  populated,  and  highly  industrial- 
ized, hence  requiring  large  amounts  of  energy,  do  not  or  cannot 
absorb  a  large  portion  of  the  output  of  western  Collieries,  thus 
reducing  the  amount  of  the  large  quantities  of  coal  annually 
imported  from  the  United  States  and  at  the  same  time  assisting 
the  western  provinces  in  extending  their  market.  This 
proposal  has  been  made  by  several  western  coal  operators, 
who  believe  that  it  is  possible  to  market  their  coals  in  Ontario 
as  far  east  as  Toronto  and  Ottawa,  and  at  a  price  which  will 
permit  competition,  on  a  cost  basis,  with  the  imported  American 
coals.     The  one  obvious  answer  is  prohibitive  freight  costs  for 
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a  2,000  mile  haul  and  the  present  impossibility  of  balancing 
freights.  Coal  cars  routed  from  western  coal  mines  to  Ontario 
would  of  necessity  have  to  return  empty.  This  would  involve 
a  one  way  haul  which  is  economically  impracticable.  Even 
if  the  existing  freight  rates  were  to  be  cut  in  half,  it  is  quite 
possible  that  western  coals  could  not  compete  in  Ontario  with 
American  coal  on  a  cost  basis.  Western  coals,  however,  are 
admirably  suited  for  domestic  and  other  purposes,  and  certain 
of  the  western  lignite  coals  would  constitute  a  most  excellent 
substitute  for  American  anthracite,  were  it  not  for  the  high 
cost  of  haulage. 

Manitoba  is  rapidly  becoming  independent  of  American 
coal  through  the  increasing  use  of  Alberta  coals,  for  both 
industrial  and  domestic  purposes,  hence  there  is  no  fuel  problem 
in  Manitoba.  The  same  may  be  said  for  Saskatchewan.  The 
principal  towns  and  cities  of  that  province  are  learning  to  use, 
with  satisfactory  results,  Alberta  and  British  Columbia  coals. 
So  far  as  a  supply  of  fuel  suitable  for  domestic  and  industrial 
purposes  is  concerned,  no  fuel  problem  exists  in  Manitoba  or 
Saskatchewan. 

This  brings  us  to  the  provinces  of  Ontario  and  Quebec 
which  have  been  termed  the  ' 'Acute  Fuel  Area".  These  two 
provinces  import  practically  all  of  the  American  anthracite 
coming  into  Canada,  and  in  addition  the  greater  portion  of 
the  bituminous  coal  required  for  industrial  and  railway  purposes. 
Quebec  receives  a  part  of  her  requirements  of  bituminous  coal 
from  Nova  Scotia,  but  practically  the  entire  requirements  of 
Ontario  are  met  by  imports  from  the  United  States. 

How  can  this  adverse  condition  be  improved?  The 
total  consumption  of  coal  in  Canada,  for  all  purposes,  is 
approximately  30,000,000  tons,  a  little  less  than  four  tons 
per  capita,  and  of  this  amount,  very  nearly  60  per  cent  is 
imported  from  the  United  States.  Anthracite  coal,  the  annual 
imports  of  which  amount  to  about  5,000,000  tons,  constitutes 
a  large  percentage  not  only  of  the  total  coal  imported,  but 
of  the  total  fuel  consumption  of  Canada.  It  is  this  quantity 
of  coal  with  which  we  are  most  vitally  concerned,  since  it  is 
used  almost  entirely  for  domestic  fuel,  and  in  some  instances 
for  public  buildings.  Can  we  reduce  the  quantity  of  this  coal 
that  we  are  now  importing,  and  is  there  a  possibility  of  elimin- 
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ating  it  altogether  through  the  substitution  of  other  fuels  or 
other  forms  of  heat  energy? 

Many  suggestions  have  been  offered  in  answer  to  these 
questions,  but  the  most  of  them  are  impractical  or  impossible. 
Among  these  impractical  suggestions  may  be  mentioned  the 
substitution  of  western  coals  for  the  anthracite  and  bituminous 
fuels  required  for  domestic  industrial  purposes,  the  substitution 
of  fuel  oil  for  domestic  heating,  and  finally  the  use  of  hydro- 
electric energy  for  domestic  heating.  Taking  these  in  the 
order  named,  an  attempt  will  be  made  to  show  that  they 
cannot  be  considered  as  practical  solutions  of  the  problem. 

Western  coals,  though  suitable  for  domestic  and  industrial 
purposes,  cannot  be  delivered  in  Ontario  and  Quebec  at  points 
much  further  east  than  Port  Arthur,  on  account  of  the  exceed- 
ingly high  cost  of  haulage  from  point  of  production  to  point 
of  consumption.  It  was  remarked  previously  that  this  freight 
rate  is  prohibitive,  no  matter  what  efforts  the  railways  may 
make  to  reduce  the  rates  on  train  load  lots  to  the  lowest  possible 
minimum.  This  statement  is  no  reflection  on  the  railways. 
It  is  not  conceivable  that  railway  operation  can  be  so  improved 
as  to  make  possible  the  haulage  of  coal  cars  over  a  distance  of 
2,000  miles,  with  a  return  journey  of  empty  cars,  and  at  a  cost 
which  would  permit  this  coal  to  be  placed  in  the  consumers' 
cellars  in  Toronto  and  Ottawa  in  competition  with  American 
anthracite  and  bituminous  coal.  In  the  case  of  bituminous 
coal  the  proposition  is  manifestly  impossible.  The  special 
freight  rates,  under  consideration  by  the  railways,  on  coal, 
shipped  from  Alberta  Mines  to  Toronto  and  Ottawa,  approach 
$12.  per  ton.  If  this  figure  were  cut  in  two  it  is  doubtful  that 
western  domestic  coals  could  compete  with  anthracite  in 
Ontario  on  a  heat  unit  basis.  The  use  of  fuel  oil,  is  believed 
by  many,  to  be  the  solution  of  this  difficult  problem,  and 
holding  this  belief,  some  people  have  replaced  reliable  coal 
burning  apparatus  with  expensive  oil  burning  equipment. 

We  are  informed  by  the  highest  authorities  that  the 
anthracite  coalfields  of  Pennsylvania,  will  be  exhausted  within 
the  next  80  years,  or  within  the  life  time  of  our  children's 
children.  In  fact,  the  Federal  Department  of  Mines  has  been 
advised  by  the  United  States  Bureau  of  Mines  that  Canada 
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must  look  for  some  substitute  for  anthracite  since  the  exports 
of  this  coal  from  the  United  States  cannot  continue  indefinitely. 

If  so  much  alarm  is  manifested  concerning  the  depletion 
of  the  anthracite  coalfields,  which  by  the  most  competent 
authorities,  are  given  a  life  of  80  to  100  years  longer,  what 
should  be  the  state  of  mind  of  Canadians  concerning  supplies 
of  crude,  refined  or  partially  refined  oils.  These  are  oils,  of  which 
98  per  cent  of  Canada's  oil  requirements,  are  imported  from 
the  United  States.  The  reserves  of  crude  petroleum  in  the 
United  States  have  been  estimated  to  be  sufficient  to  meet 
that  country's  requirements  for  only  25  years.  This  source 
of  oil,  it  is  easily  conceivable,  may  fail  within  a  short  period. 
The  suggestion  of  depending  on  oil  for  fuel  is  not  only  imprac 
ticable,  but  may  actually  do  harm. 

Hydro-electric  energy  as  a  source  of  heat  is  not  imprac- 
ticable in  the  same  sense,  since  its  source  may  be  considered 
as  continuous  and  inexhaustible.  Nevertheless,  hydro-electric 
energy  is  a  high  grade  of  energy,  being  the  conversion  of  a 
lower  form  of  energy  into  a  higher  and  much  more  valuable 
form.  It  may  be  likened  to  the  conversion  of  coal  into  electric 
energy  through  the  media  of  the  steam  generator  and  steam 
engine,  or  in  general,  the  conversion  of  any  fuel,  liquid,  solid 
or  gaseous,  by  any  means  whatsoever,  into  electric  energy. 
Hence  this  form  of  "Heat  Energy"  whether  developed  from 
falling  water  or  any  other  means,  will  cost  more  than  heat 
generated  through  the  burning  of  coal.  Moreover,  electric 
energy  should  be  reserved,  to  serve  the  best  interests  of  the 
public,  for  those  industries  to  which  it  is  indispensable.  Only 
in  a  few  isolated  and  favoured  localities  may  electric  energy 
be  used  on  a  small  scale,  for  domestic  heating. 

We  may  now  pass  to  more  practical  suggestions.  The 
utilization  of  our  domestic  high  grade  and  low  grade  fuels  and 
the  use  of  imported  fuels  in  the  most  efficient  manner  possible. 

The  Canadian  fuels  which  may  be  utilized  to  a  limited 
extent,  in  the  acute  fuel  area,  to  reduce  the  quantities  of 
imported  domestic  and  industrial  coals  are  the  bituminous 
coals  of  Nova  Scotia,  and  peat  from  the  numerous  peat  bogs 
of  Quebec  and  Ontario,  also  the  standing  forests.  The  im- 
ports of  fuels  for  industrial  purposes,  which  have  already  been 
reduced  by  several  million  tons  through  the  wise  and  intelligent 
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development  of  the  water  powers  of  Ontario  and  Quebec,  can 
-l ill  further  reduced  by  the  intensive  development  of  new 
water  powers  and  of  those  already  partially  developed. 

Nova  Scotia,  in  all  probability,  can  increase  her  shipments 
of  bituminous  coal  to  Quebec  to  a  maximum  of  three  million 
tons.  The  coking  of  a  large  portion  of  this  coal  in  by-product 
coke  ovens,  situated  for  example  at  Montreal,  and  the  intensive 
development  of  peat  bogs,  favourably  situated  with  respect  to 
short  rail  hauls  to  points  of  large  consumption,  will  very 
materially  reduce  our  annual  requirements  of  anthracite  coal. 

Ontario  on  the  other  hand  cannot  hope  to  obtain  increased 
amounts  of  bituminous  coal  from  Nova  Scotia,  but  must 
depend  for  her  supply  of  this  fuel  on  the  United  States.  The 
resources  of  this  coal  in  that  country  are  still  so  great  that 
for  all  practical  purposes  they  may  be  regarded  as  far  from 
depletion.  Moreover  the  bituminous  coalfields  of  the  United 
States  are  over  developed  and  are  capable  of  producing  ,and 
do  produce,  far  more  coal  than  is  required  for  home  consump- 
tion. Hence  a  foreign  market  will  always  be  sought  for  the 
excess  production  above  home  consumption.  The  coking  of 
imported  bituminous  coal  in  by-product  coke  ovens,  situated 
at  Toronto  and  other  points,  together  with  the  intensive 
development  of  peat  bogs  in  the  vicinity  of  cities,  towns  and 
villages  favourably  situated  with  respect  to  short  rail  hauls 
to  points  of  consumption  will  not  only  reduce  the  quantity  of 
anthracite  coal,  annually  required  in  Ontario,  but  might 
eventually  entirely  replace  anthracite.  It  is  believed  that 
approximately  one-half  of  the  anthracite  coal  annually  im- 
ported into  Ontario  can  be  replaced  by  peat  fuel,  which  can 
be  burned  during  the  early  spring  and  late  fall  or  about  four 
months  of  the  year,  while  by-product  coke  could  be  burned 
during  the  four  severe  winter  months. 

However,  when  considering  ways  and  means  for  reducing 
our  dependence  on  foreign  fuels,  consideration  should,  and 
must,  be  given  to  the  economies  which  would  result  through 
the  more  efficient  use  of  fuels.  For  example  the  establishment 
of  central  heating  plants,  at  strategic  points  in  the  large  centres 
of  population,  and  the  substitution  of  hydro-electric  power  for 
that  generated  from  coal,  wherever  feasible,  would  result  in  a 
material  reduction  in  the  annual  coal  bill  of  Ontario.     By  the 
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establishment  of  central  heating  plants,  it  will  not  only  be 
possible  to  burn  coal  far  more  efficiently  than  is  done  to-day 
with  the  average  house  heater,  but  what  is  of  equal  importance 
a  lower  grade  and  hence  cheaper  fuel  could  be  used  with 
entire  satisfaction.  The  economies  resulting  from  the  delivery 
of  coal  to  a  central  plant  instead  of  to  a  large  number  of 
dwellings,  and  the  handling  at  one  point  of  all  ashes,  will  in 
themselves  be  sufficient  to  effect  a  marked  reduction  in  the 
coal  bills  of  householders  served  in  this  manner. 

These  are  merely  suggestions,  their  practicability  can 
only  be  determined  after  careful  and  exhaustive  investigation. 
Such  an  investigation  would  involve  a  survey  throughout 
Ontario  and  Quebec  of  the  methods  now  used  for  heating 
homes,  and  generating  power  with  coal,  also  an  investigation 
of  the  success  with  which  central  heating  plants  have  met 
in  those  countries  where  they  are  in  operation.  Such  an 
investigation  was  planned  by  the  Mines  Branch  of  the  Depart- 
ment of  Mines,  but  this  work  has  had  to  be  postponed  from 
year  to  year  through  lack  of  technical  assistance. 

In  conclusion  it  is  desired  to  emphasize  the  fact  that  no 
master  fuel  policy  designed  to  benefit  Canada  as  a  whole, 
will  ever  be  acceptable  to  all  individuals  nor  perhaps  to  even 
all  the  inhabitants  of  certain  sections.  Xo  suggestions,  how- 
ever valuable  they  may  be,  for  improving  the  present  adverse 
situation  can  ever  be  effective  without  the  whole  hearted  and 
unselfish  co-operation  of  the  people  of  Canada  as  a  whole, 
with  the  technologists  on  whose  shoulders  may  rest  the  burden 
of  putting  into  effect  the  solution  of  the  problems  involved. 
The  people  of  Canada  must  not  forget  the  lessons  of  1918  and 
1922.  There  may  be  periods  when  fuel  supplies  will  seem 
adequate,  but  difficult  times  will  surely  follow,  and  these 
difficult  times  are  not  far  ahead. 

Discussion 

Dr.  C.  Camsell:  I  think  everybody  in  this  country 
recognizes  the  importance  of  this  problem.  It  was  fully 
recognized  by  the  government  in  Ottawa  last  year  when  they 
appointed   a   committee,    called   the   Federal   Advisory   Fuel 
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Committee.  The  functions  of  that  committee  were  to  deal 
with  tht"  shortage  as  it  exists  at  the  present  time,  but  not 
to  study  the  fundamental  and  reoccuring  problems  that 
underlie  these  shortages.  Mr.  Magrath,  when  he  was  Fuel 
Controller  some  years  ago,  made  a  recommendation  in  his 
final  report  that  the  fundamental  problems  underlying  these 
conditions  should  be  studied.  Following  that  suggestion  the 
government,  last  fall,  decided  to  appoint  a  Fuel  Board  whose 
duty  would  be  to  study  these  fundamental  problems  and 
advise  the  Government  on  questions  related  thereto,  but  not 
to  deal  with  the  fuel  shortage  as  it  exists  at  the  present  time. 
For  that  purpose  the  Dominion  Fuel  Board  was  formed. 
It  is  purely  a  departmental  organization,  its  functions  are 
advisory,  and  its  personnel  drawn  entirely  from  the  Depart- 
ment of  Mines  and  from  the  Interior  Department.  That 
Board  has  been  in  existence  now  for  a  short  period  and  has 
been  studying  this  situation  and  has  outlined  a  programme 
which  it  proposes  to  follow  as  soon  as  funds  are  appropriated 
for  its  use  at  the  present  session  of  parliament. 

Now  the  programme  that  this  board  has  outlined  to 
follow  includes  a  number  of  investigations.  There  are  however 
three  which  are  of  outstanding  importance.  One  of  them  has 
to  do  with  the  Nova  Scotia  supply  of  coal.  A  paper  which 
you  have  probably  read,  written  by  Mr.  F.  W.  Gray,  I  think 
for  the  Vancouver  meeting  in  November,  put  certain  limitations 
upon  the  maximum  possible  output  for  Nova  Scotia.  I  don't 
suppose  there  is  anybody  who  knows  more  about  the  coal 
mining  industry  of  Nova  Scotia  than  Mr.  Gray,  but  at  the 
same  time,  with  all  due  respect  to  Mr.  Gray  and  in  order 
that  the  public  may  be  perfectly  satisfied,  we  would  like  to 
make  a  further  study  of  the  coal  resources  of  Nova  Scotia  to 
see  whether  or  not  the  output  from  that  field  could  not  be 
increased  to  such  an  extent  as  to  meet  a  good  deal  more  of  the 
requirements  of  the  provinces  of  Ontario  and  Quebec.  Mr. 
Gray  puts  the  maximum  possible  output  for  the  coalfields  of 
Nova  Scotia  at  about  ten  million  tons.  Probably  about  half 
of  that  might  be  available  for  export  to  Quebec  and  Ontario, 
but  since  the  requirements  of  these  two  provinces  are  some- 
where between  15,000,000  and  20,000,000  tons  a  year  it  would 
not  go  very  far  towards  meeting  these  requirements.    I  think 
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therefore  it  is  very  necessary  that  the  situation  in  Nova  Scotia 
should  be  studied.  Then  again  there  is  another  important 
problem  that  should  be  studied  and  that  is  the  question  of 
the  establishment  of  by-product  coke  ovens  for  the  purpose 
of  manufacturing  coke  and  utilizing  coke  as  a  substitute  for 
anthracite.  When  I  was  out  in  Minnesota  last  November  I 
paid  a  visit  to  the  twin  cities  of  St.  Paul-Minneapolis  where 
by-product  ovens  have  been  erected,  and  whereas  the  people 
of  those  cities  were  accustomed  to  use  anthracite,  that  fuel 
has  almost  entirely  been  replaced  by  the  use  of  coke.  That 
change  appears  to  have  been  only  possible  by  utilizing  and 
finding  a  market  for  all  the  by-products  that  are  produced 
in  the  process  of  coking.  If  I  remember  correctly  these  ovens 
produce  in  the  neighbourhood  of  225,000  tons  of  coke  a  year. 
This  is  sold  at  about  the  price  of  anthracite  and  there  does 
not  seem  to  be  any  difficulty  in  obtaining  a  market  or  in 
persuading  the  people  to  use  the  coke.  But  in  order  to  intro- 
duce that  coke  the  Minnesota  Coke  and  By-Products  Company 
engaged  fifteen  or  twenty  young  fuel  engineers  who  were 
employed  for  the  purpose  of  showing  the  domestic  purchaser 
how  to  burnt  coke  and  how  to  regulate  the  stove  draughts  and 
so  on.  Their  campaign  was  so  successful  that  they  have  almost 
entirely  replaced  the  use  of  anthracite  by  coke  in  these  two 
cities.  There  is  no  reason  why  the  same  system  could  not  be 
worked  out  here  in  eastern  Canada.  That  requires  a  very 
careful  survey  of  the  industrial  conditions  surrounding  this 
problem,  a  survey  of  the  markets  for  the  by-products  that 
are  produced.  That  is  one  of  the  problems  that  we  propose 
to  tackle. 

Then  again  we  are  not  entirely  satisfied  that  western  coal 
cannot  be  brought  further  east  than  it  is  at  the  present  time. 
Its  eastern  limit  has  been  in  the  neighbourhood  of  Winnipeg 
but  this  year  it  has  been  brought  to  Port  Arthur,  and  some 
western  coal  has  come  even  into  northern  Ontario  points,  but 
it  is  necessary  to  make  a  study  of  the  markets  and  freight 
rates  and  all  the  other  conditions  surrounding  this  problem 
and  possibly  with  the  sympathetic  co-operation  of  the  National 
Railways  some  arrangement  may  be  made  whereby  Alberta 
coal  might  be  brought  further  east.  That  is  a  question  that 
is  rather  difficult  to  study.    Freight  rates  are  easily  obtainable 
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from  the  railways  but  whether  or  not  these  rates  could  be 
reduced  is  another  question. 

These  are  the  principal  problems  that  we  have  in  mind. 
There  arc  of  course  a  number  of  other  problems  but  none  of 
them  as  far  as  I  can  see  are  of  such  importance  as  these  three. 
Mr.  Haanel  mentioned  central  heating  plants  and  the  use  of 
peat,  but  it  seems  to  me  that  there  is  a  very  strong  prejudice 
in  this  country  against  the  use  of  peat.  It  is  exceedingly 
difficult  to  get  people  interested  not  only  in  the  manufacture 
but  the  use  of  peat,  but  since  —  apart  from  wood  —  it  is  our 
only  natural  fuel  resource  in  Ontario  and  Quebec,  it  is  absolutely 
necessary  that  efforts  be  made  somehow  or  other  to  encourage 
the  development  of  the  peat  industry  in  this  country  and 
provide  an  auxiliary  fuel  for  domestic  purpose.  The  peat 
industry  in  Europe  has  gone  to  very  much  greater  lengths 
than  it  ever  has  in  this  country  and  if  we  approach  the  lengths 
that  they  have  reached  in  Europe  we  will  go  quite  a  long 
way  towards  solving  the  fuel  problems  of  the  provinces  of 
Ontario  and  Quebec. 

As  I  said  in  the  first  place  a  fuel  supply  for  Ontario  and 
Quebec  is  one  of  the  biggest  problems  we  have  to  face.  There 
are  other  problems  in  Nova  Scotia  and  British  Columbia  and 
also  problems  effecting  markets  for  the  coal  that  the  prairie 
provinces  are  capable  of  producing.  It  always  appears,  in 
my  mind,  that  we  have  to  look  at  it  as  a  conflict  between  two 
opposing  interests,  our  own  fuels  representing  one  side  of  the 
conflict,  and  the  United  States  fuels  the  other.  Our  object 
is  to  encourage  and  assist  our  own  fuel  interests  to  replace 
as  far  as  possible  the  coal  supplies  from  the  United  States. 
The  battleground  is  in  the  provinces  of  Quebec  and  Ontario. 
In  the  case  of  Manitoba,  where  the  United  States  coals  had 
formerly  a  pretty  complete  hold  of  the  market,  their  foothold 
has  been  lost  to  a  very  large  extent  as  a  result  of  the  campaign 
put  on  by  the  Alberta  coal  people  to  introduce  Alberta  coal 
into  Manitoba.  Our  only  other  strength  lies  in  the  provinces 
of  Nova  Scotia  and  New  Brunswick.  Even  there  attacks  are 
being  made  by  U.S.  coals  and  they  are  coming  right  into  those 
provinces  and  replacing  our  own  domestic  coal.  I  am  very 
grateful  indeed  to  the  Canadian  Institute  of  Mining  and 
Metallurgy  that  they  should  have  put  on  this  series  of  papers 
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because  I  think  it  will  be  a  very  great  advantage  to  the  Advisory 
Fuel  Committee  in  Ottawa  and  the  Dominion  Fuel  Board, 
and  I  trust  there  will  be  active  discussion  so  that  some  points 
of  value  may  be  brought  out. 

Mr.  G.  B.  Saunders:  The  unfortunate  thing  is  that  to 
many  people  patriotism  has  no  influence  on  this  question  of 
coal  supply.  Mr.  Gray,  in  his  comprehensive  paper  at  the 
Annual  Western  Meeting,  based  his  arguments  on  the  assump- 
tion that  Canada  should  be  supplied  with  coal  from  Canadian 
mines  as  far  as  possible.  He  continues:  "The  large  industrial 
purchaser,  the  government  and  the  people  of  Canada,  have 
bought  coal  where  it  was  cheapest  in  money  value,  not  realizing 
that  such  a  policy  has  been  excessively  dear  and  nationally 
subversive,  inasmuch  as  it  has  injured  Canadian  miners,  has 
restricted  employment  in  Canada  and  has  made  our  country 
almost  ludicrously  dependent  upon  the  United  States  for  what 
is  undoubtedly  the  primary  and  most  essential  raw  material 
of  civilization,  defence  and  national  persistence.  Coal  brought 
into  Canada  is  dear  at  any  price  if  it  displaces  Canadian  labour, 
and  by  rendering  our  country  unnecessarily  dependent  upon 
outside  sources  for  coal  supply,  endangers  our  autonomy." 
I  maintain  Mr.  Gray's  point  is  very  well  taken,  and  this 
question  must  not  be  looked  at  in  the  present  light  of  just 
saving  a  few  dollars  and  cents.  We  should  look  at  it  from  a 
national  standpoint  and  we  should  not  make  the  statement 
that  where  American  coal  can  be  bought  two  or  three  per  cent 
cheaper  that  we  should  use  it.  I  don't  agree  with  Mr.  Haanel's 
paper  on  that  point,  outside  of  that  I  think  it  is  well  prepared 
and  useful. 

Dr.  E.  S.  Moore  :  I  agree  with  most  of  the  points  mention- 
ed. I  am  only  sorry  that  we  have  not  had  the  opportunity 
of  hearing  Mr.  Brown's  paper  which  comes  a  little  later  in  the 
programme.  I  have  been  interested  in  this  question  of  anthra- 
cite reserves  and  the  various  estimates  that  have  been  made 
from  time  to  time  regarding  future  supply.  As  I  stated  the 
other  day  at  Toronto,  the  estimates  of  Campbell  would  place 
original  anthracite  resources  in  Pennsylvania  at  about  21,000,- 
000,000  short  tons  lying  above  3,000  feet  in  depth.  There 
have,  however,  within  the  last  few  years  been  rather  extensive 
developments  in  some  of  the  districts,  in  which  large  tonnages 
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of  anthracite  have  been  located  at  depths  considerably  below 
3,000  feet,  up  to  probably  4,500  feet  in  depth.  Just  what 
those  tonnages  may  be  most  of  us  don't  know  yet.  Investiga- 
tion has  been  carried  on,  I  believe,  by  the  company  which 
Mr.  Brown  represents.  I  was  also  talking  to  a  former  official 
of  one  of  the  other  large  anthracite  companies  and  he  makes 
the  statement  that  his  company  has  very  little  idea  of  the 
amount  of  coal  that  lies  below  a  depth  of  3,000  feet  because 
it  has  not  yet  been  developed,  and  this  is  not  figured  in  the 
resources.  If  we  take  into  consideration  the  annual  produc- 
tion which  now  seems  to  be  pretty  well  fixed  and  which  varies 
not  more  than  about  ten  million  tons  from  year  to  year  in 
normal  years,  we  can  figure  out  about  how  long  this  coal  can 
last,  considering  there  has  been  a  great  improvement  in  the 
extraction  of  anthracite  during  the  last  fifteen  or  twenty  years, 
bringing  it  up  to  around  an  average  of  80  per  cent.  Even  then, 
if  you  figure  in  all  this  coal  the  maximum  life  of  the  field  could 
not  exceed  150  years  and  there  is  no  question  but  what  in 
25  or  30  years  Canada  will  cease  to  secure  very  much  anthracite 
from  Pennsylvania  and  we  will  have  to  begin,  considerably 
before  that  time,  to  replace  anthracite. 

Having  looked  into  the  cost  of  producing  by-product  coke 
in  a  number  of  the  large  cities  in  the  United  States,  where  this 
operation  has  been  carried  on  for  some  time  as  a  means  of 
furnishing  domestic  fuel  in  the  character  of  gas  and  coke 
I  think  that  there  is  no  question  but  what  coal  can  be  coked 
at  a  cost  which  is  so  small  that  it  can  always  be  taken  care  of 
by  the  by-products,  in  the  way  of  tar,  motor  fuel,  ammonia 
sulphate,  and  gas,  leaving  the  coke  for  sale  as  a  fuel.  I  would 
like  to  make  a  plea  in  connection  with  this  fuel  problem  of 
Canada  that  Canadians  will  not  be  satisfied  with  just  any 
kind  of  fuel  but  that  we  shall  always  have  in  mind  the  question 
of  securing  a  really  efficient  and  modern  type  of  fuel.  We  can 
talk  about  burning  soft  coal  and  peat  and  other  fuels  but  we 
must  in  this  age  of  the  world  set  our  eyes  on  the  fuel  which 
is  going  to  be  not  only  efficient  but  is  going  to  be  clean  and  is 
not  going  to  destroy  the  beauty  of  some  of  our  cities,  which 
I  know  are  famed  all  over  this  continent  for  their  cleanliness 
and  their  attractiveness.  We  must  get  something  which  will 
not  waste  fuel  and  which  will  not  be  inefficient  when  you 


The  Fuel  Situation  in  Canada — Haanel         29 

consider  the  time  the  average  man  has  to  take  in  stoking  his 
furnace.    If  you  are  using  a  fuel  that  has  one  third  of  the  heat 
units  of  anthracite  consider  the  number  of  hours  you  have  to 
put  in  stoking  your  furnace,  —  all  those  things  have  to  be 
taken  into  consideration.    When  we  consider  transporting  soft 
coal  from  western  Canada  we  must  consider  not  only  the  freight 
rate  but  that  when  you  transport  coal  2,000  miles  much  of  it 
is  going  to  arrive  at  the  point  where  it  is  to  be  utilized  in  such 
a  condition  that  it  is  not  fit  for  use  in  an  ordinary  domestic 
furnace.     I  have  some  coal  in  my  cellar  which  is  considered 
one  of  the  very  best  types  of  semi-bituminous  coal  on  the 
continent  and  yet  I  cannot  get  any  heat  out  of  that  coal 
because  of  its  physical  condition.     If  we  coke  the  coal  it 
matters  not  whether  it  is  broken  up,  it  will  be  crushed  anyway, 
and  in  that  way  we  can  use  coals,  in  a  coke  oven  that  are  in 
bad  physical  condition,  for  ordinary  domestic  purposes  and 
thus  surmount  the  difficulty.    As  to  the  price  which  we  are 
paying  at  the  present  time  for  coal  in  Toronto,  and  I  suppose 
it  is  about  the  same  in  Montreal,  I  think  we  are  being  treated 
very  fairly  in  so  far  as  anthracite  is  concerned,  when  you  look 
into  the  price  of  anthracite  at  the  mines  and  the  present  freight 
rates,  we  have  no  kick  coming  at  all.     But  when  you  consider 
the  prices  of  bituminous  coal  at  the  mines  of  Pennsylvania 
and  West  Virginia  and  find  that  the  maximum  is  about  $6. 
or  $7.,  and  a  great  deal  of  it  very  much  less  than  that,  not 
over  $2.50  or  $3.;  the  through  freight  rate  $3.81  from  West 
Virginia   to   Toronto   and   less   from   Pennsylvania   and   the 
maximum  duty  53  cents,  or  only  14  cents  on  the  type  of  material 
which  is  being  sold  to  many  of  us  in  Toronto,  I  think  that 
$16.50  a  ton,  the  price  we  are  now  paying,  is  an  absurd  price 
for  soft  coal.    There  is  no  excuse  whatever,  for  that  price. 
This  fuel  problem  must  be  tackled  with  energy  and  determina- 
tion on  the  part  of  all  of  us.     Fuel  is  something  which  must 
be  had.    We  cannot  live  a  day  without  it  and  no  one,  whether 
he  be  coal  operator,  miner  or  coal  dealer  should  be  allowed  to 
prevent  us  from  getting  fuel.     This  question  is  so  large  that 
I  don't  want  to  take  up  too  much  time  discussing  it  because 
I  am  very  deeply  interested  in  the  problem  and  besides  a 
number  of  things  which  I  would  like  to  say  may  be  brought 
out  in  some  of  the  papers  which  are  to  follow. 
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Mk.  R.  L,  MdNTYRE:  There  is  one  very  important  matter 
that  should  receive  serious  consideration.  I  feel  that  east  rn 
interest  should  be  given  some  consideration  in  regard  to 
western  coal  because  of  the  enormous  sum-  of  eastern  money 

that  are  invested.  Perhaps  some  of  you  are  not  aware  how 
rapidly  people  are  leaving  western  Canada  in  very  great 
numbers.  If  I  said  that  in  the  west  I  might  get  hurt  but  we 
cannot  close  our  eyes  to  the  fact.  The  western  coal  industry 
has  an  enormous  amount  of  money  invested  in  it.  Mr.  Haanel 
is  quite  correct  in  saying  that  the  districts  are  over  developed 
and  there  should  be  consideration  of  that  point.  The  eastern 
manufacturer  has  sent  west  enormous  sums,  and  capital  from 
other  parts  of  the  country  are  invested  in  that  portion  of  the 
Dominion  in  the  hope  that  Canada  would  consider  national 
interests  first.  Mr.  Haanel  has  rightly  said  there  is  every 
kind  of  coal  in  that  country  and  although  its  heat  value  is  a 
little  lower  than  American  anthracite  the  western  fuels  are 
beautiful  coals  for  domestic  purposes.  I  trust  that  the  Fuel 
Board  and  the  Institute,  in  studying  the  question,  will  keep 
that  in  mind  and  also  the  amount  of  money  invested  in  the 
wrest.  If  we  can  get  lower  freight  rates,  even  if  we  take  a 
general  loss  on  the  transportation,  it  is  good  business  to  protect 
or  assist  the  industries  of  this  part  of  the  country  until  western 
Canada  develops  sufficient  population.  You  may  be  surprised 
to  know  that  good  domestic  coal  mines  are  only  operating 
two  days  a  week,  at  the  same  time  that  we  are  suffering  for 
the  want  of  coal. 

The  Secretary-Treasurer:  I  think  it  would  be 
advisable,  at  this  point,  to  read  some  telegrams  that  have 
been  exchanged  between  the  Northern  Alberta  Branch  and 
Headquarters. 

Edmonton,  Alta.,  March  3r  1923. 
G.  C.  Mackenzie, 

Sec.-Treas.,  C.I.M.M.,  Montreal,  Que. 

Have  sent  following  lettergram  to  Minister  of  Mines.  Branch  here 
wishes  you  take  all  action  possible.  "The  Northern  Alberta  Branch  Canadian 
Institute  of  Mining  and  Metallurgy  respectfully  draw  the  attention  of  the 
Hon.  Minister  of  Mines  to  statement  in  Edmonton  Bulletin  and  Journal 
of  even  date.  This  states  that  Alberta  coal  could  not  compete  in  Ontario 
markets  on  account  of  prohibitive  freight  rate  which  is  given  as  sixteen 
dollars.     We  would  point  out  that  present  rate  is  twelve  dollars  and  fifty 
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cents  and  if  the  existing  westbound  mountain  rate  on  a  per  ton  mileage  basis 
were  applied  to  Toronto  haul  the  rate  would  be  eight  dollars.  Applying 
a  full  train  movement  rate,  as  has  been  suggested  to  President  of  Canadian 
National  Railways,  would  lower  rate  still  further. 

M.  J.  Hilton, 

Sec,  Northern  Alberta  Branch,  C.I.M.M. 

Montreal,  Que.,  March  5th,  1923. 

M.  J.  Hilton, 

Sec,  Northern  Alberta  Branch,  C.I.M.M., 
Edmonton,  Alta. 

Replying  you  telegram  third  will  your  branch  support  resolution  asking 
Federal  Government  appoint  committee,  consisting  coal  mining  engineer, 
freight  expert,  and  business  executive  to  examine  and  report  upon  feasibility 
of  shipping  Alberta  coals  to  Ontario  ?  If  your  reply  received  seventh  instant 
will  place  matter  before  meeting. 

G.  C.  Mackenzie, 

Sec-Treas.,  C.I.M.M. 

Edmonton,  Alta.,  March  6th,  1923. 

Geo.  C.  Mackenzie 

Sec-Treas.,  C.I.M.M.,  Montreal,  Que. 

Northern  Alberta  Branch  support  adoption  your  proposed  resolution 
for  committee.  Suggest  that  the  personnel  be  thoroughly  conversant  with 
western  coal  situation  and  urge  findings  of  this  committee  be  presented  at 
the  present  session  of  Parliament  so  that  the  Government  may  take  action 
immediately. 

M.  J.  Hilton, 

Sec,  Northern  Alberta  Branch.  C.IM.M. 

Mr.  C.  Camsell:  May  I  say  a  word  in  that  connection. 
The  telegram  that  you  received  from  Northern  Alberta  is  a 
copy  of  one  sent  to  the  Hon.  Mr.  Stewart.  The  whole  thing 
is  based  on  a  misinterpretation  of  what  Mr.  Stewart  said  in 
the  House  of  Commons.  He  is  quoted  in  the  newspapers  as 
saying  that  Alberta  coal  could  be  laid  down  in  Ontario  for 
$16.50.  People  have  assumed  that  he  referred  only  to  the 
freight  rate.  His  statements  were  based  on  the  following 
figures:  a  freight  rate  of  $12.50  and  cost  of  coal  at  the  mine 
about  four  dollars  a  ton.  Those  are  the  freight  rates  as 
quoted  by  the  railways  on  Alberta  coal  from  Alberta  into 
Ontario  points,  and  Mr.  Stewart  used  that  $12.50  as  a  basis 
for  making  his  calculation  of  $16.50. 
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Dr.  II.  M.  Ami:  Possibly  Mr.  Camsell  could  tell  us  the 
cost  and  source  of  the  soft  coal  of  Minnesota  ? 

Mr.  CAMSELL:  I  have  not  the  figures,  but  I  remember 
asking  the  price  of  coal  which  they  got  from  Northern  Ohio, 
and  being  told  that  it  was  in  the  neighbourhood  of  $10.  to 
$12.  a  ton.     They  are  selling  their  coke  for  $16. 

Mr.  G.  B.  Saunders:  I  may  add  that  coke  from  Minne- 
apolis is  being  sold  in  Winnipeg.  They  exported  some  25,000 
tons  this  season  and  sold  it  f.o.b.  cars  Minneapolis  for  export 
to  Winnipeg  at  $12.  a  ton. 

Mr.  W.  Pearce:  As  to  where  the  Minnesota  Coke  and 
Gas  Company  get  their  coal,  the  bulk  of  it  comes  from 
West  Virginia,  a  certain  amount  comes  from  Pennsylvania 
and  quite  a  large  percentage  from  Tennesse.  A  small  per- 
centage kept  for  reserve  and  not  used  is  Illinois  coal.  The 
freight  on  that  coal  delivered  at  St.  Paul  varies  from  $4.80 
to  $5.10.  There  is  another  item  of  interest.  A  very  con- 
siderable percentage  of  the  coke  that  is  shipped  to  Winnipeg 
and  sold  there  as  a  substitute  for  anthracite  comes  from  and 

is  manufactured  in  Duluth. 

■ 

Contributed  Remarks. 

Mr.  E.  F.  Pullen:  I  have  read  with  considerable  interest 
the  paper  by  B.  F.  Haanel,  'The  Fuel  Situation  in  Canada," 
published  in  the  March  issue  of  the  Bulletin. 

From  Mr.  Haanel's  conclusions  it  would  appear  that 
Ontario  must  always  depend  upon  the  good  will  of  the  American 
anthracite  and  bituminous  operators  for  its  fuel  supply.  He 
says:  "If  houses  cannot  be  heated,  industries  will  receive  but 
small  consideration".  And  it  is  on  American  anthracite  that 
Ontario  mainly,  at  present,  depends  for  their  means  of  heating 
their  houses. 

I  think,  however,  that  Mr.  Haanel's  conclusion  that 
Ontario  must  always  depend  upon  American  coal  is  wrong. 
If  it  is  true  —  then  the  outlook  for  Canada's  development  is 
but  a  sorry  one.  The  Ontario  market  for  western  coal  is  a 
very  vital  matter,  both  for  Ontario  and  the  west.     Up  to  the 
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present  moment  it  still  remains  to  be  proved  that  western 
coal  cannot  be  economically  placed  on  the  eastern  market. 

The  proposal  to  establish  coke  ovens  in  Ontario  to  coke 
an  imported  bituminous  coal,  would  leave  the  industries  and 
people  of  that  province,  for  all  time,  dependent  upon  foreign 
operators  and  labour  organizations,  who  would  dictate  as  to 
just  what  price  should  be  paid  for  the  coal  necessary  to  operate 
these  ovens.  At  the  moment  it  is  the  U.M.W.A.  who,  with 
headquarters  at  Indianapolis,  have  fixed  the  price  that  the 
Ontario  consumer  shall  pay  for  his  coal.  The  Canadian 
Government,  has  not,  nor  would  it  have,  any  voice  or  influence 
in  regulating  this  price. 

In  his  paper  Mr.  Haanel  refuses  to  seriously  consider 
western  coal  as  available  for  the  Ontario  consumer,  but  dis- 
misses it  with  the  statement  that  "prohibitive  freight  costs 
would  prevent". 

He  goes  on  to  say  "Evsn  if  the  existing  freight  rates  were 
to  be  cut  in  half  it  is  quite  possible  that  western  coals  could 
not  compete  in  Ontario  with  American  coal  on  a  cost  basis". 

And  further  "The  special  freight  rate  from  the  Alberta 
mines  to  Toronto,  now  under  consideration,  approach  $12.00 
per  ton.  If  this  figure  were  cut  in  half  it  is  doubtful  that 
western  domestic  coal  could  compete  with  anthracite  in 
Ontario  on  a  heat  unit  basis". 

In  reply  to  this  I  would  say  that  with  a  freight  rate  of 
$5.00  per  ton  the  best  grades  of  western  domestic  coals,  in 
nut  and  stove  sizes,  could  be  delivered  to-day  in  Toronto  at 
a  price  of  $10.50  per  ton.  This  coal  has  a  B.T.U.  content 
of  12,000,  with  6  per  cent  ash  and  4  per  cent  moisture  as 
compared  with  present  grades  of  American  anthracite  for  the 
Ontario  market  of  12,500  B.T.U.'s.  and  20  to  30  per  cent  ash. 
The  price  for  this  coal  being  anywhere  from  $15.00  to  $20.00 
per  ton,  when  procurable. 

I  venture  to  say  that  western  coal  would  compare  most 
favourably  with  this  coal  on  a  heat  unit  basis. 

With  a  larger  market  the  production  costs  of  western  coal 
can  be  very  materially  lowered.  American  coal  with  tremend- 
ous production  and  assured  home  market  for  500  million  tons, 
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is  at  a  great  advantage.  The  surplus  production  is  ever  ready, 
at  Opportune  times,  to  be  dumped  on  the  Canadian  market, 
at  cut  prices,  to  drive  off  the  Canadian  coals.  The  market 
once  secured  prices  can  be  restored.  Such  have  been  the 
tactics  employed  on  the  Winnipeg  market  in  1921  and  which 
promise  to  be  repeated  this  season. 

No  price  cutting  has  been  necessary  for  American  coal  in 
Ontario,  for  they  are  firmly  established  there. 

It  is  much  to  be  hoped  that  the  present  agitation  for  a 
through  train  rate  on  coal  from  Alberta  to  Ontario  may  bear 
fruit.  It  should  be  definitely  established  just  what  the  actual 
operating  costs,  under  favourable  conditions,  would  be  to 
haul  such  tonnage,  that  Alberta  coals  may  be  given  the 
opportunity  to  compete  in  that  market. 


RELATIONSHIP  OF  THE  ANTHRACITE  FIELDS 

TO  CANADA. 

By  J.  F.  K.  Brown. 

(Annual  and  General  Meeting,  Montreal,  March  1923.) 

Before  dealing  with  the  particular  question  of  the 
relationship  of  the  anthracite  fields  to  Canada,  it  might  be 
interesting  to  bring  out  some  few  general  points  dealing  with 
conditions  in  the  field  and  the  anthracite  industry  in  general. 

What  is  known  as  the  anthracite  fields  of  Pennsylvania 
cover  approximately  484  square  miles  of  coal  bearing  territory 
and  radiating  fanwise  from  this  centre,  southeast  through  north 
to  northeast,  there  is  a  territory  comprising  350,000  square 
miles  containing  a  population  of  38,000,000  people,  which 
represents  the  normal  non-competitive  market  for  this  coal. 

Since  1907  the  amount  of  coal  shipped  to  this  market  has 
averaged  about  67,000,000  tons  a  year,  reaching  a  maximum 
of  77,000,000  tons  in  1918,  all  of  which  has  been  absorbed  in 
the  territory  mentioned. 

The  capital  invested  is  probably,  taking  an  arbitrary 
figure,  in  the  neighbourhood  of  $350,000,000,  and  nearly  as 
much  more  will  ultimately  be  sunk  in  order  to  maintain 
production  from  more  difficult  areas,  and  to  meet  the  ever 
increasing  and  more  costly  mining  conditions. 

Production  is  forecasted  and  outlined  for  five  years  ahead, 
together  with  the  equipment  and  plant  required  to  do  the 
work.  This  is  necessary  in  order  that  a  logical  policy  be 
outlined  for  the  future,  and  to  handle  the  properties  in  the  best 
interest  of  the  owners. 

A  shipped  tonnage  of  seventy  millions  means  a  production 
of  close  to  and  in  some  years  over  ninety  million  tons,  the 
difference  being  colliery  fuel,  fine  sizes  stored,  and  wastage. 

To  maintain  a  production  of  this  character  from  this 
small  coal  area,  means  in  turn  extensive  mining  from  a  variety 
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of  beds,  the  winning  of  thin  coals,  re-opening  old  areas,  and 
reworking  them  twice  and  three  limes. 

Shafts  with  a  capacity  of  6,000  tons  per  day,  equipped 
with  the  latest  devices  in  skip  hoisting  and  underground 
weighing  machinery  are  under  contemplation. 

The  preparation  of  coal  for  market  is  a  science.  Breakers 
of  a  capacity  of  six  thousand  tons  per  day  are  now  operating, 
wet  preparation  of  the  coal  being  the  latest  adopted  practice. 
Preparation  plants  are  under  projection  that  will  handle  ten 
thousand  tons  per  day  of  washed  and  shipped  coal. 

Small  sizes  of  anthracite  are  relatively  a  drug  on  the 
market,  and  consequently  the  industry  has  to  secure  its  return 
on  prepared  coal  only.  Consequently  the  prepared  coal  yield 
per  ton  mined  is  an  all  important  unit  and  must  be  borne  in 
mind  in  considering  all  phases  of  mining. 

Ore  dressing  methods  have  been  applied  to  the  treatment 
of  the  finer  sizes  of  coal.  Dorr  thickeners,  classifiers  and 
tables  have  been  installed,  and  are  in  operation,  the  concen- 
trated fine  coal  product  being  stored  against  the  time  when 
it  can  be  utilized. 

New  methods  of  preparation  have  been  devised  and  are 
in  the  course  of  trial.  They  are  based  mainly  on  the  idea 
of  using  an  aqueous  solution,  of  a  specific  gravity  that  is  mid- 
way between  the  coal  and  rock,  in  which  the  coal  will  float 
and  the  rock  sink. 

Surface  subsidence  and  flushing  are  receiving  a  great  deal 
of  attention.  Flushing  is  run  on  schedules,  careful  calculations 
are  made  of  the  quantities  flushed,  the  percentage  of  solids 
to  water,  the  crushing  strength  of  the  various  materials,  and 
the  subsidence  subsequently  indicated. 

Under  the  city  of  Scranton  there  lie  11  veins  of  coal  in 
a  depth  of  over  700  feet,  and  these  range  in  thickness  from 
2  to  14  feet. 

The  quantity  of  water  pumped  per  ton  of  coal  mined 
averages  4,800  U.S.  gallons  —  18  tons  of  water  to  one  ton  of 
coal. 

Pumping  stations  of  a  capacity  of  30,000  gallons  per 
minute  require  to  be  maintained,  and  as  the  robbing  of  coal 
progresses  the  quantity  of  water  that  requires  handling  will 
increase.     In  order  to  determine  the  ultimate  capacities  and 
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other  factors  in  relation  to  the  water  situation,  very  complete 
hydraulic  studies  are  under  way.  Rainfall  measurement  sta- 
tions are  established,  weir  reading  stations  and  stream  flow 
recorders  are  installed,  and  in  general  hydraulics  as  applied 
to  mining  is  about  to  receive  careful  study. 

Underground  loaders  and  the  mechanical  mining  of  coal 
is  receiving  increasing  attention,  and  new  methods  of  mining 
are  being  evolved  to  meet  the  change  in  conditions  called  for 
by  the  machines. 

These  features  of  the  anthracite  fields  are  merely  presented 
to  show  the  variety  and  importance  of  the  problems  with 
which  the  operators  must  contend,  and  the  steps  that  are 
being  taken  to  meet  the  new  conditions  and  to  improve  the 
industry  in  general.  In  many  quarters  the  idea  is  prevalent 
that  anthracite  mining  is  an  old  conservative  industry  devoid 
of  progressive  ideas,  with  the  consequent  inference  that  the 
coal  consuming  public  is  suffering  therefrom.  This  is,  most 
emphatically,  an  erroneous  idea,  and  in  the  particular  case 
of  the  fields  from  which  the  major  portion  of  Canadian  supplies 
are  derived  is  absolutely  untrue. 

The  anthracite  industry  is  peculiar,  in  that  it  represents 
a  huge  coal  production  catering  entirely  to  the  domestic  trade. 
No  counterpart  in  any  way  corresponding  to  it  exists  in  any 
other  part  of  the  world,  and  consequently  no  equitable  com- 
parison can  be  made  of  production  figures,  costs  and  methods 
with  other  coal  fields.  This  peculiar  and  outstanding  unique- 
ness of  the  industry  goes  even  further,  because  upon  this 
industry  has  been  based  practically  the  whole  house  heating 
system  of  the  easterly  northern  half  of  the  western  hemisphere. 

A  part  of  the  territory  that  is  the  natural  market  for 
anthracite  coal,  and  in  which  similar  conditions  are  relatively 
the  same,  include  a  large  section  of  Canada  to  which  the 
following  facts  apply: 

1.  A  vast  area  of  approximately  65,000  square  miles  in 
the  Dominion  of  Canada  is  without  any  coal  bearing 
territory  of  its  own. 

2.  This  area  contains  by  far  the  largest  proportion  of 
Canadian  industries,  the  most  thickly  settled  portions 
of  the  Dominion,  and  the  greatest  manufacturing 
territory. 
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3.  Anthracite  is  primarily  a  household  fuel,  and  it  is 
as  such  that  it  is  used  throughout  this  part  of  the 
Dominion. 

4.  The  consumers  in  this  territory  have  been  largely 
educated  through  usage  to  depend  upon  this  fuel, 
year  after  year,  to  supply  the  heat  necessary  in  the 
winter  time. 

5.  The  supply  of  anthracite  is  slowly  diminishing  year 
by  year,  while  the  demand  is  increasing  every  year. 

6.  The  cost  of  production  by  reason  of  conditions  in  the 
the  coal  fields  is  also  on  the  upgrade. 

7.  Disturbances  and  interruptions  in  the  flow  of  the 
supply  of  coal  have  occurred  in  the  past,  and  will 
continue  to  occur  in  the  future. 

There  would  seem  to  be  no  further  need  to  remark  upon 
the  existence  of  this  coal-less  area  in  Canada.  This  fact  is 
well  understood  and  forms  the  underlying  problem  in  the 
Canadian  fuel  situation.  Likewise,  it  is  understood  and  well 
known  that  this  area  contains  the  largest  manufacturing 
centres  and  the  largest  proportion  of  Canada's  population. 

The  fact  that  anthracite  fuel  is  almost  entirely  a  house- 
hold fuel,  is  one  of  the  features  of  the  industry.  Everything 
in  connection  with  the  industry,  plant  and  equipment,  methods 
in  mining,  preparation  and  handling  of  the  coal,  are  all  designed 
to  give  the  producer,  and  to  send  to  the  consumer  the  highest 
proportion  possible  of  the  coal  mined,  as  household  fuel,  that 
is  suitable  for  use  in  heating  plants,  large  and  small.  As  a 
fuel  of  this  class,  it  has  many  advantages  over  what  is  com- 
monly termed  soft  coal,  which  advantages  are  also  well  known 
and  understood.  As  a  consequence  the  consumer  is  willing 
to  pay  for  a  fuel  which  he  has  been  accustomed  to  use  over 
many  years,  the  use  of  which  he  thoroughly  understands, 
which  gives  him  the  least  trouble  in  the  operation  of  his 
heating  plant,  and  so  there  has  been  created  a  conservative 
liking  for  this  coal  which  meets  conditions  of  existence  beyond 
anything  that  he  can  get  at  competitive  prices. 

In  the  evidence  that  was  presented  to  the  Fuel  Commission 
at  Ottawa  a  few  years  ago,  the  statement  was  made  that  if 
the  consumer  in  Canada  could  be  made  to  realize  that  he 
was  buying  a  luxury  fuel,  a  large  portion  of  his  requirements 
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would  be  supplied  with  soft  coal,  with  a  consequent  gain  to 
Canada  in  general.  The  main  answer  to  this  argument  is 
that  a  theory  is  not  a  condition,  and  the  theory  will  not  become 
a  condition  until  the  competitive  production  of  another  fuel, 
equal  in  every  respect  to  anthracite  is  brought  about.  Discus- 
sions, therefore,  relative  to  elimination  of  anthracite  and 
introduction  of  soft  coal  in  its  place  are  academic,  unless  it 
can  be  shown  clearly  and  positively  to  the  satisfaction  of  the 
consumer,  that  the  substitution  of  the  other  coal  is  sufficiently 
economical  to  be  worth  while. 

A  statement  has  been  made  that  the  supply  of  anthracite 
is  slowly  diminishing.  The  U.  S.  Geological  Survey  estimates 
that  the  life  of  the  anthracite  field  is  approximately  one  hundred 
years.  This  does  not  mean  that  there  will  be  no  anthracite 
left  at  the  end  of  100  years,  or  at  any  other  period  less  than 
that,  but  it  does  mean  that,  so  far  as  Canada  is  concerned, 
by  reason  of  the  question  of  economical  production,  that  the 
life  of  the  anthracite  field  which  serves  the  Canadian  market 
is  limited.  The  Canadian  consumer  derives  his  fuel  largely 
from  what  is  known  as  the  Wyoming  Valley.  This  field  is 
the  nearest  to  the  Canadian  market  and  it  is  the  one  that  is 
connected  naturally  and  directly  to  export  points  to  the 
Dominion.  Should  the  Canadian  consumer  be  required  to 
depend  upon  fuel  originating  in  the  Lehigh  and  the  Schuylkill 
regions,  he  would  be  obtaining  his  coal  at  an  increased  cost, 
due  to  conditions  in  these  fields  and  to  the  lack  of  direct 
transportation  therefrom.  Consequently,  the  life  of  the 
Wyoming  Valley  field  is  of  more  importance  to  the  Canadian 
consumer  than  the  life  of  the  total  anthracite  fields.  It  is 
quite  possible  that  when  the  Wyoming  Valley  fuel  begins  to 
become  exhausted,  the  economic  conditions  will  change  to 
such  an  extent  that  the  cost  of  coal  from  the  other  fields  may 
be  sufficient  to  upset  the  consumer's  liking  for  anthracite. 
It  is  estimated  that  thirty  years  will  see  a  vast  difference  in 
the  production  from  the  Wyoming  region.  Perhaps  this  may 
be  more  readily  realized  when  it  is  understood  that  the  reserves 
tributary  from  the  Wyoming  Valley  field  was,  in  1896,  some- 
thing like  12 J4  per  cent  of  the  total,  whereas  in  1922,  it  was 
reduced  to  lOV^  per  cent.  On  the  other  hand,  the  production 
from  that  field  has  been  57  per  cent  of  the  total  since  the  year 
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1875.  With  this  fact  of  decreasing  reserves  and  consequently 
slowly  diminishing  production  goes  the  other  side  of  the  case, 
the  consumption,  which  is  increasing  along  two  lines.  It  is 
increasing  by  reason  of  the  growth  of  population,  and  secondly 
by  the  increased  consumption  per  capita  of  that  population. 
The  decrease  in  supply  and  the  growth  in  consumption  will 
have  the  natural  effect  of  making  the  anthracite  reserves 
decrease  faster  as  the  years  pass. 

Per  Capita 

Growth  of  Consumption 

Tons 

1870 85 

1880 1.11 

1890 1.44 

1900 1.57 

1910 1.64 

1920 1.71 

The  cost  of  production  is  naturally  bound  to  increase. 
The  best  of  the  available  coal  has  long  since  been  mined,  leaving 
small  pillars  and  caved  conditions  which  render  it  difficult  to 
recover  the  remainder  for  a  large  production  at  minimum  cost. 
The  thin  coals  which  have  to  be  mined  by  special  means,  in 
turn  also  increases  the  cost  of  production.  As  the  ground  is 
broken  up  more  and  more,  the  pumping  question  becomes 
increasingly  serious.  At  present,  seams  as  narrow  as  22  and 
24  inches  are  being  mined,  although  some  collieries  are  naturally 
leaving  coal  of  this  character  to  be  mined  in  the  future.  With 
other  collieries  the  percentage  of  this  small  coal  is  half  of  their 
reserves,  while  the  balance  is  contained  in  thick  coals  that 
have  already  been  first  mined  and  60  per  cent  of  the  original 
coal  extracted  and  marketed. 

In  the  anthracite  field  18  tons  of  water  must  be  pumped 
for  every  ton  of  coal  produced.  Pumping  installations  are  in 
existence  capable  of  lifting  water  at  the  rate  of  twenty  to 
thirty  thousand  gallons  per  minute.  The  transportation  of 
the  coal  is  costly  and  is  increasing.  The  holding  open  of  the 
roads  through  which  the  coal  is  transported  is  also  an  item 
that  is  steadily  becoming  more  important.  The  disturbances 
that  have  occurred  through  the  past  few  years,  by  reason  of 
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immense  activity  in  the  industry,  or  the  reverse  brought 
about  by  labour  and  transportation  difficulties,  cannot,  as  far 
as  we  can  see,  be  expected  to  diminish.  Consequently  the 
consumer  will  always  have  to  face  a  more  or  less  disturbed 
situation  in  the  anthracite  industry,  and  this  disturbed  condi- 
tion naturally  affects  the  consumer  most  who  is  the  fartherest 
away  from  the  point  of  production. 

These  are  roughly  the  facts  that  govern  the  relationship 
of  the  Canadian  consumer  to  the  anthracite  industry,  and 
they  are  facts  that  no  amount  of  juggling  can  alter.  They 
are  natural  to  the  condition  of  the  industry  and  should  be 
accepted  as  such.  In  Canada  it  has  been  a  failing  to  spend  a 
great  deal  of  time  and  money  in  studying  how  these  facts 
could  be  overcome.  They  cannot  be  overcome,  and  the 
relationship  of  Canada  to  the  anthracite  industry  will  remain 
the  same  as  it  is  now  for  many  years  to  come.  Action  on  the 
part  of  Government  or  Government  commissions  cannot  alter 
the  situation  in  any  respect,  except  along  two  well  defined 
lines.  The  first  of  these  is  merely  statistical,  and  comprises 
the  gathering  of  data  covering  the  consumption  and  produc- 
tion of  anthracite.  The  second,  is  the  allocation  of  coal 
supplies  when  disturbed  conditions  in  the  industry  warrants 
particular  attention. 

It  is  certain  that  the  only  change  to  be  expected  will 
be  the  gradual  evolution  brought  about  by  a  change  in  the 
economic  condition  of  the  anthracite  fields.  On  the  present 
balance  of  production,  the  cost  of  the  coal,  the  use  of  anthracite 
in  the  Canadian  provinces  will  remain  as  it  is  to-day,  and  the 
solution  to  what  is  known  as  the  fuel  problem  of  Canada  is  not 
something  that  will  be  solved  by  any  radical  or  sudden  change 
of  conditions,  nor  any  panacea  involved  by  a  commission  or 
other  body  of  authority.  The  change  in  the  situation  will 
come  about  gradually  and  be  taken  care  of  by  the  consumer 
himself  who,  as  time  goes  on,  will  gradually  create  a  demand 
for  another  method  of  heating  as  he  finds  that  the  cost  of  his 
present  system  slowly  increases.  Actual  relief  will  probably 
be  initiated  through  the  action  of  some  enterprising  dealer 
who  will  place  on  the  market  some  new  and  alternative  method 
of  heating  and  try  it  out,  one  consumer  after  another  until 
slowly  the  thing  begins  to  grow. 
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Consumption  Per  Capita 
Anthracite  Consuming  Regions 

Ions 

Pennsylvania 76 

New  York 1 .27 

Connecticut 1.14 

Maine 1.27 

Vermont 1 .07 

New  Hampshire 1 .27 

New  Jersey 1 .52 

Ontario 1 .05 

Quebec 71 

Approximate  Statement  of  Reserve 

Wyoming  Field 

Tons 

Original 5,057,808,560 

Total  Shipments 383,244,241 

Loss  in  Preparation 76,648,478 

Balance  Untouched 4,597,913,186 

Future  Recovery 2,298,906,563 

Shipments  to-date 1,320,744,581 

Present  Balance 1,638,534,302 

Present  Production 43,000,000 

Possible  life  based  at  maximum 

production 36  years 

Percentage  of  Prepared  Sizes 

For  10  Years 

Prepared  „  , 

y  Fuel 

1910 58.1 41.9 

1911 58.5 41.5 

1912 59.2 40.8 

1913 60.6 29.4 

1914 61 .6. 38.4 

1915 61 .3 38.7 

1916 60.0 40.0 

1917 60.3 39.7 

1918 60.9 .39.1 

1919 60.0 40.0 
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Standard  Sizes  and  Preparation  of  Anthracite 

The  following  dimensions  indicate  standard  meshes,  round 
and  square,  for  screening  anthracite  coal: 


Size 

Grate 4"    square 

Egg 2rH"       * 

Stove 2" 

Nut 1-3/8"     " 

Pea %" 

Buckwheat V2" 

Rice \i" 

Barley 1/8"      " 


Through 
4-3^"  round 
3-1/8" 

1-9/16" 

7/8" 
9/16" 
5/16" 
3/16" 


2-z/i"  square 

2" 

1-3/8" 


1/8" 


Over 

3-1/8"  round 

1-9/16" 
7/8" 
9/16" 
5/16" 
3/16" 
3/32" 


The  percentages  of  foreign  matter  are  as  follows: 


Size  Slate 

Broken  (or  Grate) 1  per  cent 

Egg 2  per  cent 

Stove 4  per  cent 

Chestnut 5  to  7  per  cent 

Pea 8  per  cent 

Buckwheat 10  per  cent 


2 
2 
3 
5 

10 
10 


Bone 
per    cent 


per 
per 
per 
per 
per 


cent 
cent 
cent 
cent 
cent 


An  allowance  is  made  on  chesnut  of  from  12  J^  to  15  per 
cent  of  pea  coal. 

With  regard  to  the  sizing  of  anthracite  during  the  period 
of  government  control,  the  Pennsylvania  Fuel  Administration 
set  the  following  standard: 

Egg,  stove  and  chesnut  coal  could  contain  not  over  5  per 
cent  of  the  larger  sizes. 

Chesnut,  not  more  than  10  par  cent  of  pea,  or  5  per  cent 
of  No.  1  buckwheat. 

Pea,  not  more  than  5  per  cent  of  No.  1  buckwheat,  and 
5  per  cent  of  rice. 

Buckwheat,  not  more  than  15  per  cent  of  rice. 
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UNITED  STATES  BITUMINOUS  COALS 
AVAILABLE  FOR  CANADA. 

By  George  H.  Cushing. 

(Annual  General  Meeting  Montreal  March  1923.) 

With  respect  to  the  whole  question  of  the  fuel  supply  of 
Canadians  and  Americans,  I  fear  we  have  all  been  taking  too 
many  vital  things  for  granted.  We  have  shown  and  are 
showing  a  disposition  to  assume  that  a  temporary  situation, 
created  by  an  act  which  has  occurred  but  once  in  American 
coal  history,  is,  henceforth,  to  become  the  regular  order. 
That  is,  a  year  ago,  all  contracts  between  union  miners  and 
union  operators  expired  at  one  time.  All  union  miners  were 
then  disposed  to  strike  and  did  strike.  In  consequence,  a 
nation-wide  strike  suspended  the  production  in  the  unionized 
mines  in  both  the  anthracite  and  bituminous  fields.  It  is  now 
assumed,  rather  loosely,  that  this  is  to  become  the  regular 
order;  that  we  are  to  have  nation-wide  strikes  at  each  wage 
renewal  period.    That  assumption  is  far  too  broad. 

As  a  result  of  this  strike,  we  had  as  compared  with 
bituminous,  and  with  the  needs  of  the  country,  a  disproportionate 
reduction  in  the  supply  of  anthracite  for  use  last  winter. 
We  had,  in  the  anthracite  mines,  no  such  reserve  capacity  as 
would  allow  us  to  make  good,  in  six  and  a  half  months,  the 
shortage  that  had  been  created  by  five  and  a  half  months  of 
strike.  Therefore,  we  have  had,  for  one  winter,  to  find  other 
coals  which  could  be  used  in  place  of  anthracite. 

The  present  disposition  is  to  believe  that  the  same 
juxtaposition  of  circumstances  will  recur  frequently  and 
therefore  that  a  shortage  of  anthracite  will  henceforth  be  the 
regular  order.  That  originates  the  suggestion  that  the  users 
of  anthracite  must  prepare  themselves  for  such  emergencies 
by  finding  and  learning  to  use  substitutes.  I  cannot  feel  that 
this  sweeping  conclusion  is  warranted  by  any  real  situation 

(46) 
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known  to  our  coal  fields.   I  know  that  the  anthracite  operators 
do  not  expect  any  such  a  series  of  disasters. 

Indeed  the  whole  chain  of  assumptions  amounts  to  a 
considerable  libel  on  the  intelligence  of  all  American  coal, 
operators.  It  amounts  to  a  charge  that  they  are  going  to 
continue  to  make  their  labour  contracts  to  expire  at  one  time 
and  hence,  to  put  in  the  path  of  the  union  miners  the  tempta- 
tion to  declare  nationwide  strikes  at  each  wage  contract  period. 
I  cannot  honour  that  thought  because  I  believe  both  the 
operators  and  the  miners  have  too  much  public  spirit  to  allow 
that  sort  of  thing  to  happen. 

Canadians  may  feel  —  as  some  Americans  do  —  that  we 
are  about  to  surrender  completely  to  the  miners'  union.  You 
may  believe,  therefore,  that  control  over  our  coal  supply  is 
about  to  be  transferred  from  responsible  operators  and  the 
responsible  government  to  the  irresponsible  union.  I  say  to 
you  that  such  a  transfer  will  not  be  made. 

The  underlying  thought  which  seems  to  have  inspired 
this  conference  suggests  to  me  that  you  fear  that  the  position 
of  Canada's  coal  users  is  peculiarly  dangerous  —  that  you  have 
relied  upon  us  for  about  22,000,000  tons  of  coal  per  year  and 
that  you  may  be  able,  at  times,  to  get  none.  Your  thought 
—  and  I  admit  it  is  justified  by  what  we  have  said  —  seems 
to  be  that  we  of  the  United  States  are  about  to  begin  the 
distribution  of  our  coal  on  geographical  lines;  that  we  will 
allow  imaginary  lines  on  maps  to  serve  as  barricades  to  the 
free  play  of  the  commercial  instinct.  I  seem  to  feel  the 
thought  that  we  are  now  admitting  our  inability  to  supply 
more  coal  than  is  needed  by  our  own  nationals  and  that  we 
are  about  to  adopt,  as  a  national  policy,  control  of  coal  exports 
by  embargo.  This  breathes  the  belief  that  we  may  draw  the 
line  sharply  between  your  people  and  our  own  and  hence 
place  your  own  coal  supply  constantly  in  jeopardy  for  the 
sole  reason  that  your  people  are  citizens  of  another  country. 

Such  a  point  of  view  ignores  the  important  commercial 
fact  that  these  two  peoples  are  tied  together  by  hundreds  of 
ties  which  subordinate  the  question  of  nationality  to  that  of 
necessity.  It  ignores  the  fact  that  while  you  depend,  to  any 
extent,  upon  us  for  coal,  we  must,  to  a  great  extent,  depend 
upon  you  for  other  things.    Our  right  to  embargo  coal  exports 


is        United  States  Bituminous  Coals    Cushing 

must   he  restricted  by  our  knowledge  that  you  have  also    a 
right  to  embargo  your  raw  materials  which  we  need. 

It  is  true  that  in  the  United  States,  our  politics  have  a 
tendency,  at  times,  to  become  militant.  It  is  true  that,  on 
the  score  of  politics,  we  sometimes  talk  of  doing  what  you 
seem  to  fear  we  are  about  to  do.  But,  I  am  pleased  to  remind 
you  that  whenever  an  occasion  has  arisen  to  translate  the 
threat  into  action,  our  statecraft  has  risen  superior  to  our 
politics.  I  am  particularly  pleased  to  remind  you  that  our 
commercial  concerns  have,  almost  invariably,  supported  our 
statecraft. 

It  is  an  added  pleasure  to  say  to  you  that,  in  my  opinion, 
our  statemen  and  our  commercial  institutions  show  a  disposi- 
tion to  adhere  to  those  policies  which  have  governed  in  the  past. 
Therefore,  I  believe  you  have  no  need  to  look  elsewhere  for 
your  supplies  of  any  desired  kind  of  coal,  unless  those  supplies 
are  interfered  with  the  dictates  of  good  merchandising,  the 
laws  of  which  are  immutable. 

While,  for  these  many  reasons,  I  cannot  honour  the  fear 
which,  because  of  our  own  prattle  about  our  own  coal  difficulties, 
has  found  lodgment  in  your  minds,  I  can,  on  a  broad  scientific 
plane,  discuss  those  of  our  coals  which  may,  if  desired,  be 
substituted  for  anthracite. 

It  is  obvious  that,  if  you  have  used  and  now  prefer 
anthracite,  it  is  because  its  performance  in  your  furnaces  has 
been  such  as  to  fit  exactly  some  peculiar  need  on  your  part. 
Therefore,  if  we  are  to  find  an  acceptable  substitute  for 
anthracite,  it  must  serve  your  purpose  as  does  anthracite,  and 
must  adapt  itself  naturally  to  the  equipment  in  which  you 
have  burned  anthracite.  You  will  find,  by  a  close  study  of 
the  question,  that  the  exactions  of  your  furnaces  are  great, 
and  that  the  list  of  available  substitutes  for  anthracite  is 
quite  small. 

The  quintessence  of  coal  combustion  is  that  two  atoms  of 
oxygen  in  the  air  must  unite  with  each  atom  of  carbon  in  the 
coal;  otherwise  we  do  not  get  complete  combustion.  The 
probability  is  that  this  union  of  these  elements  takes  place  on 
the  surface  of  the  coal. 

Anthracite  is  a  dense  hard  substance.  Its  extreme  hardness 
assures  that  the  minute  particles  or  atoms  of  carbon  break 
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away  from  the  mass  very  slowly.  This  means  that  the 
combustion  of  anthracite  is  necessarily  slow. 

In  household  furnaces,  where  anthracite  is  used  principally 
and  to  best  advantage,  we  have  no  need,  often,  for  a  quick 
hot  fire.  Rather,  our  need  is  for  a  steady  flow  of  heat  which 
will  warm  the  fresh  air  introduced  to  replace  the  vitiated  air. 

Also,  in  our  households,  we  face  the  fact  that  for  a  third 
of  the  day  the  master  of  the  house  is  engaged  elsewhere  and 
for  another  third  of  the  time,  he  is  asleep.  For  household 
use,  therefore,  we  must  have  a  coal  which  will  sustain  com- 
bustion for  a  long  time  or  which,  by  giving  up  its  heat  slowly, 
will  last  through  the  periods  when  the  master  of  the  house 
cannot  pay  attention  to  his  furnace.  In  a  word,  our  modern 
domestic  economy  is  served  perfectly  by  anthracite  which 
does,  naturally,  what  the  householder  demands  of  his  fuel. 

Anthracite,  having  been  available  in  quantity  for  such  a 
length  of  time,  a  large  portion  of  your  population  and  of  our 
own,  have  come  to  rely  upon  it  and  have  installed  those  house- 
hold furnaces  exactly  fitted  to  its  use.  They  have  bought  and 
have  installed  those  furnaces  which  will  consume  a  coal  which, 
without  creating  smoke,  will  burn  in,  practically,  a  smothered 
fire. 

Of  far  greater  significance  is  the  fact  that,  relying  upon 
an  abundance  of  anthracite,  these  people  have  built  chimneys 
or  smoke-stacks  which  will  carry  off  no  greater  volume  of  the 
products  of  combustion  than  is  produced  by  the  slow  burning 
of  anthracite.  That  creates  a  stubborn  situation  with  which 
it  is  difficult  to  deal  when  seeking  a  substitute.  It  is  true 
that  these  people  may  easily  replace  the  furnace  and  hence 
get  equipment  which  will  burn  another  kind  of  coal.  They 
cannot,  as  easily,  rebuild  their  chimneys  and  thus  get  a  flue 
which  will  carry  away  the  products  of  combustion.  To  find 
a  fuel  therefore  which  is  an  acceptable  substitute  for  anthracite, 
we  must  be  guided  by  the  capacity  of  the  chimney.  In  that 
respect,  the  problem  is  not  peculiar  to  Canada.  More  than 
a  third  of  the  population  of  the  United  States  is  in  the  same 
predicament. 

Because  our  choice  of  coals  is  thus  governed  by  the  capacity 
of  our  chimneys,  I  believe  it  will  be  conceded  that  it  is  impossible 
to  substitute,  successfully,  a  high  volatile  coal  for  anthracite 
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in  a  house  furnace.  The  volume  of  gas  which  rushes,  uncon- 
trollably, out  of  the  body  of  bituminous  coal,  cannot  be  carried 
off  naturally  and  easily  by  the  household  stack  built  to  accom- 
modate anthracite.  Therefore,  we  cannot  find  an  acceptable 
substitute  for  anthracite  unless  we  find  a  fuel,  the  principal 
part  of  which  is  fixed  carbon,  and  in  which  the  content  of 
volatile  is  negligible.  We  have  but  one  natural  substitute  — 
semi-bituminous  coal;  known  in  the  United  States  as  'Smoke- 
less', and  sold  under  such  trade  names  as  'Pocahontas',  'New 
River,'  'Tug  River,'  'George  Creek'  and  'Somerset  County 
(Pennsylvania)'. 

Great  Britain  has  but  one  such  substitute  —  semi- 
anthracite. 

We  have  but  one  artificial  substitute  for  anthracite  — 
coke  or  some  form  of  carbonated  fuel. 

Chemically,  these  coals  compare,  roughly  as  follows: 

Anthracite  contains  a  minimum  of  6.5  and  a  maximum  of 
12  per  cent  of  volatile  matter. 

'Smokeless'  coal  contains  a  minimum  of  14  and  a  maximum 
of  18  or  19  per  cent  of  volatile. 

Coke,  usually,  contains  a  maximum  of  about  15  per  cent 
in  volatile.  (I  have  selected,  arbitrarily,  a  high  volatile  content 
for  coke  to  permit  inclusion  in  that  class  of  some  of  the  products 
of  coal  distillation  which  do  not  properly  fall  under  the  general 
classification  of  coke.) 

Welsh  semi-anthracite  ranges  between  7.5  and  12.5  per 
cent  in  volatile. 

Structurally,  the  fuels  compare  as  follows: 

Anthracite  comes,  naturally,  in  hard  lumps. 

'Smokeless'  is  an  extremely  friable  coal,  and  hence  presents 
innumerably  more  particles  of  carbon  to  unite  with  the  passing 
air. 

Coke  is  porous  or  spongy.  It  remains  porous  throughout 
combustion. 

Welsh  semi-anthracite  is  a  friable,  non-coking  coal. 

Under  combustion,  the  fuels  act  as  follows: 

Anthracite  ignites  slowly  and  accumulates  combustion 
directly  proportional  to  the  proper  mixture  of  air  with  the 
fuel  body.  But  it  may  easily  be  over  drafted  in  a  small 
combustion  chamber  and,  on  this  account,  the  combustion 
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may  be  stifled  or  the  results  of  combustion  lost  by  the  cooling 
of  the  gases. 

'Smokeless'  ignites  quickly,  and  flares  in  the  early  stages 
of  combustion.  But,  by  its  propensity  to  coke,  it  soon  modifies 
its  own  speed  of  combustion  by  forming  a  crust  over  the  fuel 
bed,  and  thereafter  holds  fire  steadily  unless  the  crust  is  broken. 

Coke  ignites  quickly  and  its  combustion  is  steadily 
accelerated  until  the  rate  of  combustion  is  exactly  equal  to 
the  volume  of  air  passing  through  the  fuel  body. 

The  Welsh  anthracite  is  not  a  flashy  coal.  It  burns  more 
like  American  anthracite  than  any  other.  The  small  sizes 
take  fire  more  slowly  and  thereafter  burn  more  rapidly  than 
either  anthracite  or  'smokeless'. 

The  products  of  combustion  of  the  three  American  fuels 
are  closely  comparable  in  volume.  They  are  all  within  the 
capacity  of  the  stacks  or  chimneys  provided  by  the  average 
household  equipped  to  burn  anthracite.  Indeed,  'smokeless' 
and  anthracite  are  completely  interchangeable  as  fuel.  Coke 
is  a  perfect  substitute  for  either  —  after  the  user  has  learned 
to  control  the  drafting.  And,  under  complete  draft  control, 
a  perfect  substitute  for  anthracite  is  coke  and  semi-bituminous 
coal  burned  in  combination. 

One  objection  often  raised  to  'smokeless'  coal  is  that  it  is 
so  friable  that  a  disproportionate  amount  of  it  is  'fines'  which 
the  householder  believes  he  cannot  use.  However,  'smokeless' 
slack  burns  quite  as  well  as  the  lump  coal.  Indeed,  by  some 
users,  it  is  preferred  either  to  the  mine  run  or  to  the  lump  coal. 

The  same  objection  is  offered  to  the  use  of  Welsh  semi- 
anthracite.  That  coal,  however,  does  not  burn  so  well  because 
it  is  non-coking  and  because  it  takes  fire  so  slowly  that  a  part 
of  it  falls  unburned  through  the  grate. 

Another  objection  to  'smokeless'  slack  is  that  it  is  like 
dust  —  flies  through  the  house  and  settles  on,  to  destroy,  the 
draperies  and  to  soil  the  linen.  The  cure  for  this  trouble  is  to 
wet  the  coal  before  carrying  it  into  the  house. 

I  have  not  made  and  shall  not  attempt  a  quantitative 
study  of  your  fuel  needs  or  of  our  ability  to  meet  those  needs 
with  productive  capacity  in  our  coal  mines.  The  reason  for 
ignoring  such  an  important  question  is  that  I  believe  these 
things  to  be  secondary  to  the  essence  of  the  Canadian  coal 


52        United  States  Biti  minous  Coals    Cushing 

problem,  which  I  believe  to  be  transportation.  That  is,  I 
believe  it  is  going  to  prove  easier  to  buy  coal  than  to  have  it 
carried.  And,  I  am  not  considering  the  question  so  much 
from  your  standpoint  as  consumers  of  coal,  as  I  am  from  the 
United  States  standpoint  as  producers  of  coal. 

To  understand  this  phase  of  the  question,  you  will  have 
to  take  into  account,  broadly,  the  whole  present  position  of 
American  industry.  You  will  have  to  recognize  that  during 
the  last  eight  years  the  United  States  have  enjoyed  exceptional 
business  opportunities.  The  World  War  was  in  part  fought 
over,  and  with  the  use  of  natural  resources.  The  United  States 
possessed  the  greatest  variety  and  the  most  complete  develop- 
ment of  these  raw  materials.  We,  therefore,  and  as  a  matter 
of  business,  converted  an  amazing  quantity  of  our  raw  materials 
into  an  equally  amazing  sum  of  money.  It  is  a  matter  of 
common  world  knowledge  that,  as  a  result,  we  transferred  our 
nation  from  the  debtor  to  the  creditor  class.  And,  it  is  equally 
known  that,  having  obtained  the  money  of  the  world,  we 
reinvested  it  in  mines  and  factories  in  the  hope  that  we  might 
continue  indefinitely  to  reap  this  wonderful  money  harvest. 
Our  aspirations  in  the  export  trade  are  indicative  of  what  we 
hoped  to  do  when  we  built  factories  and  opened  mines. 

We  find  ourselves,  to-day  —  and  with  respect  to  the 
ownership  of  mines  and  factories  —  in  a  position  where  we  have 
the  real  commercial  advantage,  for  which  we  have  planned  and 
paid.  That  is  to  say,  we  have  the  mine  and  the  factory 
capacity  which  will  allow  us  to  enter  upon  a  conquest  of  the 
world  trade.  But,  in  all  of  our  planning,  we  made  one  serious, 
if  not  fatal,  mistake.  Every  student  of  world  trade  knows 
that  we  failed  to  develop  our  rail  transportation  facilities  com- 
mensurately  with  the  development  of  our  capacity  to  produce. 
However,  —  and  this  is  significant  — ■  we  overdeveloped  our 
merchant  marine.  Therefore  we  are  forced  to  make  the  most 
intensive  use  of  our  rail  transportation  facilities  if  we  intend 
to  make  any  effective  use  at  all  of  our  enormous  productive 
capacity,  and  of  our  merchant  marine.  In  order  to  make 
effective  distribution  of  our  products,  we  may  have  to  draw 
heavily  upon  our  ships  as  auxiliary  carriers,  even  in  the  trade 
exchange  between  the  people  on  our  own  hemisphere. 
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Putting  it  bluntly,  we  have  far  and  away  enough  coal 
productive  capacity  to  satisfy  all  of  Canada's  demands  for  fuel. 
But,  we  have  comparatively  so  little  rail  transportation  capacity 
that  we  cannot  take  care  of  our  own  needs  and  yours,  unless 
we  both  apply  ourselves  assiduously  to  the  development  of 
our  water-borne  traffic. 

Looking  at  the  problem  with  your  eyes,  it  is  obvious  that 
if  we  had  an  abundance  of  rail  transportation,  we  could  easily 
deluge  your  markets  not  only  with  the  coal  you  need,  but  with 
every  sort  of  manufactured  article,  some  of  which  you  your- 
selves can  produce.  Not  having  the  abundance  of  rail  transpor- 
tation, your  factories  are  freed,  to  an  extent,  from  meeting  the 
competition  of  our  factories.  But  that  imposes  upon  them  the 
need  to  watch  with  care  their  fuel  supply  and  to  arrange  to 
transport  their  coal  by,  in  part,  the  water  route. 

As  the  people  of  the  United  States  see  the  situation,  we 
will  have  to  move  our  coal  so  as  to  deliver  the  most  of  it  to 
market  with  the  least  expenditure  of  rail  transportation. 
In  other  words,  we  must  select  customers  who  are  situated 
as  to  assure  the  quickest  return  to  our  mines  of  the  relatively 
few  cars  and  engines  available. 

Using  anthracite  coal,  by  way  of  example,  the  mines 
can  produce  enough  coal  to  meet  the  demands  of  the  present 
markets.  Whether  the  railroads  will  be  able  to  satisfy  all 
users  in  a  scattered  market  is  a  question.  Having  a  limited 
number  of  cars  and  engines  and  hence  limited  transportation 
facilities,  the  producers  will  be  disposed  to  select  those  markets 
from  which  the  cars  will  return  most  quickly  for  duplicate  loads. 
It  may  be  expected  that,  as  our  transportation  difficulties 
become  more  complex,  maximum  attention  will  be  paid,  first, 
to  the  markets  which  are  closest  to  the  mines. 

The  surplus  production  will  then  be  moved  into  the  distant 
markets  which  involve  relatively  the  shortest  hauls,  and  the 
customers  and  carriers  of  which  give  the  quickest  return  of 
the  Cars.  Therefore,  if  your  Canadian  markets  are  relatively 
nearer  to  the  anthracite  mines  than  are  some  others,  and  if 
your  people  make  it  a  point  to  return  the  cars  quickly,  I  see 
no  reason  why  Canada  should  not  get  more,  rather  than  less, 
anthracite.  I  believe  this  discloses  a  principle  of  coal  distribu- 
tion which  must  govern  for  a  long  time. 
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Almost  precisely  the  same  principle  must  govern  with 
respect  to  the  distribution  of  low  volatile  coals.  The  mines 
which  produce  'smokeless'  coal  will  desire  to  obtain  the 
maximum  production  while  restricted  to  the  use  of  a  limited 
supply  of  railroad  equipment.  Much  of  that  coal  required  by 
Canada  can  be  moved  over  the  short  rail  haul  from  West 
Virginia  to  Hampton  Roads;  thence  by  water  to  Portland, 
Maine,  and  thereafter,  by  rail  into  Montreal.  Occasionally,  a 
tramp  steamer  —  about  to  call  at  a  Canadian  port  for  a  cargo 
for  Europe  —  will  be  available  to  carry  coal  from  Hampton 
Roads  to  St.  Lawrence  river  points.  Both  of  these  move- 
ments will  involve,  in  so  far  as  the  mines  are  concerned,  a 
shorter  rail  haul  than  a  movement,  we  will  say,  to  Chicago 
or  into  Ontario  via  the  Detroit- Windsor  gateway.  I  see  no 
reason  why  an  abundant  movement  of  that  coal  over  this 
rail  and  water  route  could  not  be  effected. 

In  such  an  event,  use  is  made  of  the  water  carriers  to 
relieve  the  overburdened  rail  carriers.  That  is  a  development 
which  must  play  a  great  part  in  our  scheme  of  coal  distribution 
for  the  future. 

From  the  district  of  low  volatile  coals  in  Pennsylvania, 
the  direct  rail  haul  to  the  Niagara  Frontier  is  rather  long. 
While,  under  present  conditions,  this  is  not  prohibitive,  you 
can  hardly  depend  upon  it  over  a  long  period.  The  market 
nearer  home  can  absorb  all  of  the  coal.  The  rail  movement 
on  your  own  side  of  the  Frontier  is  likely  to  prove  extensive. 
And,  the  cars  upon  leaving  the  rails  of  the  parent  road  are 
entrusted  to  a  connecting  carrier  and  are  not  so  likely  to  be 
returned  promptly.  Therefore,  the  producer  of  that  particular 
low  volatile  coal  is  not  likely  to  seek  your  trade,  because  he 
will  not  be  encouraged  by  the  carrier  which  serves  him. 

But,  if  you  should  arrange  to  receive  that  coal  at  Buffalo 
and  to  barge  it  to  your  own  nearest  port,  I  feel  sure  a  close 
business  relationship  could  be  built  up. 

You  have  been  taking  some  of  our  low  volatile  coal  through 
the  Detroit- Windsor  gateway.  That,  I  believe,  is  so  out  of 
line  with  what  we  must  do  in  future  that  you  will  have  to 
make,  in  the  main,  different  arrangements. 

The  point  is  that  we  have  so  little  transportation  facilities, 
comparatively,  that  we  will  have  to  conserve  it  with  extreme 


United  States  Bituminous  Coals — Cushing        55 

care.  And,  you  will  get  coal  easily  and  cheaply  only  as  you 
help  in  that  conservation.  If  your  own  lines  could  supply 
their  own  cars  and  could  thus  help  to  tide  our  own  railroads 
over  their  periods  of  car  poverty,  your  coal  situation  would  be 
commensurately  easier. 

To  the  extent,  also,  that  you  resort  to  water  transportation 
and  to  the  construction  of  dock  facilities,  your  difficulties  over 
coal  supply  will  diminish. 

With  respect  to  high  volatile  or  bituminous  coals,  the 
United  States  producers  have  never  believed  it  possible  to  do 
much  business  with  you  east  of  Montreal.  We  have  believed 
that  your  own  eastern  deposits  of  coal  and  your  own  transpor- 
tation facilities  placed  us  at  a  great  disadvantage.  However, 
this  last  year  you  have  required  American  coal  in  that  district 
and  we  have  found  it  possible  to  barge  some  of  it  from  Lake 
Ontario  ports  to  as  far  east  as  Quebec.  I  can  see  no  reason 
why  this  trade  should  not  grow  as  it  involves  a  rail  haul  to 
Rochester  only. 

Between  Montreal  and  Winnipeg,  we  have  felt  that  we 
had  a  natural  market.  Indeed,  the  American  mines  and  the 
United  States  government  have  considered  that,  with  respect 
to  their  coal  supply,  the  people  of  that  territory  stand  on  an 
equal  footing  with  our  own  nationals.  To  supply  that  territory, 
our  Pittsburgh  and  northern  Pennsylvania  coals  have  been 
moved  to  you,  all  rail,  via  the  Niagara  Frontier.  We  will 
probably  continue  that  movement  in  a  steadily  increasing 
volume.  To  assure  this  volume,  your  railroad  policy  will  need 
slight  revision. 

Our  eastern  Ohio  coals  —  a  supply  of  which  is  owned  by 
your  Grand  Trunk  Railway  —  we  have  moved  to  you  by  the 
Great  Lakes.  Some  of  it  has  moved  across  Lake  Erie  on  car 
ferries;  other  supplies  have  moved  by  cargo  boats. 

Our  West  Virginia,  western  Pennsylvania  and  eastern 
Kentucky  coals  —  those  adapted  to  coke  and  gas  making 
and  to  other  highly  specialized  uses  —  have  moved  to  you 
through  the  south  ports  of  Lake  Erie  by  cargo  boats  to  your 
principal  ports.  In  this  respect,  your  most  important  points 
have  been  Fort  William  and  Port  Arthur,  although  we  have 
been  doing  a  considerable  business  with  you  through  the  ports 
on  the  Georgian  Bay  and  through  Sault  Ste.  Marie.  These  move- 
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Hunts  will  continue.  If  you  desire  these  coals  in  your  more 
eastern  provinces,  I  see  no  reason  why  they  should  not  be 
barged  from  Lake  Erie  ports. 

It  is  thus  apparent  that  the  largest  volume  of  the  coal 
you  have  received  from  the  United  States  has  been  moved  to 
you  by  a  combination  rail  and  water  haul.  As  you  look  into 
the  future,  you  must  see  that  the  supplies  of  coal,  upon  which 
you  can  most  surely  depend,  will  be  those  which  are  moved 
over  this  same  rail  and  water  route. 

As  you  study  the  question  more  deeply  you  will  appreciate 
that  the  outstanding  difficulty  in  the  United  States  is  to  secure 
sufficient  rail  transportation  to  carry  the  volume  of  business 
which  is  immediately  ahead.  It  then  becomes  apparent  that 
if  the  rail  lines  are  overcrowded,  the  quickest  and  most  sure 
relief  will  come  from  transferring  part  of  the  present  rail 
traffic  to  the  water  route.  As  you  use  the  water  route  in- 
creasingly to  move  your  coal,  you  will  be  meeting  the  outstand- 
ing requirement  of  the  United  States.  On  that  basis,  you 
have  the  best  chance  to  secure  the  supply  of  coal  about  which, 
at  present,  you  are  so  gravely  concerned.  I  do  not  hesitate 
to  say  to  you  that  since  Canada's  coal  problem  is,  in  the  main, 
a  transportration  problem,  that  Canada  will  secure  ample  coal 
supplies  by  developing  the  water  route  as  extensively  as 
possible. 

If  you  were  to  suggest  to  the  United  States  Shipping 
Board  that  it  might  use  some  of  its  idle  boats  in  the  coal 
traffic  between  our  southern  Atlantic  ports  and  St.  Lawrence 
river  ports,  I  feel  that  your  suggestion  would  receive  careful 
consideration,  especially  if  you  were  to  show  your  earnestness 
by  creating  dock  facilities  at  those  ports,  as  you  have  done 
on  Lake  Superior. 

Discussion 

Mr.  G.  H.  Cushing:  I  feel  a  little  bit  like  a  man  who  has 
listened  while  preparations  were  being  made  for  his  funeral. 
I  feel  that  you  gentlemen  are  about  to  build  a  wall  around 
Canada  and  exclude  us.  Therefore,  I  have  not  the  slighest 
idea  whether  ever  again  you  are  going  to  be  even  slightly 
interested  in  American  coals.    A  short  while  ago,  an  attorney 
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appeared  before  our  Supreme  Court  to  read  an  oral  argument. 
Chief  Justice  Taft  reminded  him,  "The  members  of  this  Court 
can  read".  I  prepared  a  paper  for  this  meeting.  I  assure 
you  it  is  beautifully  written  because  I  wrote  it.  It  is  there; 
you  can  read  it.  Instead  of  going  over  it,  there  are  a  few  things 
about  the  American  situation  and  about  what  has  been  said 
to-day,  that  I  would  like  to  call  to  your  attention. 

It  is  rather  curious  to  me  that  in  the  whole  world,  with 
everybody  depending  on  coal  for  power  only  two  countries 
should  be  seriously  discussing  the  fuel  problem  and  that  both 
of  them  should  have  created  Boards  to  study  it.  The  United 
States  has  52  per  cent  and  Canada  18  per  cent  of  the  known 
coal  of  the  world.  So,  between  us,  we  have  70  per  cent,  yet 
we  apparently  are  the  only  countries  that  are  seriously  disturbed 
over  this  fuel  situation. 

All  the  rest  of  the  world  doesn't  follow  the  theory  of  the 
fuel  administrator  who  just  spoke,  that  a  nation  is  not  a  nation 
unless  it  has  coal.  They  go  on  the  theory  —  we  will  cut  out 
as  much  territory  for  this  nation  as  we  can  get  and  then  get 
our  coal  where  it  is  found  and  where  we  can  haul  it  the  most 
cheaply  —  where  the  cost  of  transportation  is  the  lowest  and 
then  we  will  depend  upon  developing  something  of  our  own 
that  we  can  trade  for  coal  —  but  whatever  happens,  we  are 
going  to  get  our  coal  over  the  most  inexpensive  transportation 
route. 

At  this  conference  there  are  three  contenders  for  your 
trade;  that  is  practically  what  it  amounts  to.  I  am  here 
trying  to  protect  the  sale  of  22,000,000  tons  of  coal  from  the 
United  States.  My  friends  from  Alberta  are  trying  to  obtain 
that  business,  and  after  I  get  through,  the  British  agent  will 
come  in  and  try  to  obtain  it.  We  are  all  here  trying  to  sell 
you  22,000,000  tons  of  coal. 

The  facts  are  that  Alberta  is  2,000  miles  away;  we  are  500; 
and  Great  Britain  is  3,500.  But  the  people  of  this  continent 
have  made  a  deity  of  railway  transportation.  We  have  absolu- 
tely ignored  our  water  ways.  The  gentlemen  in  the  prairie 
district  are  also  making  a  deity  of  the  railroad,  and  Great 
Britain,  with  nonchalance,  takes  to  the  water  and  beats  us  all. 


58        United  Si  vtes  Bituminous  Coals    Cushing 

The  solution  of  the  problem  of  coal,  which  is  a  low  priced 
commodity,  is  water  transportation.  I  have  come  over  here 
to  say  that  we  arc  about  to  take  to  the  water  and  to  suggest 
that  you  do  the  same  thing.  Before  going  into  that  question, 
I  want  to  raise  one  or  two  others. 

I  think  that  in  connection  with  fuel,  we  are  all  taking  a 
lot  too  many  things  for  granted.  We  had  a  little  trouble  in 
the  United  States  in  1922  with  labour  and  transportation. 
We  had  a  little  trouble  in  1920  with  transportation  and  you 
had  a  great  deal  of  trouble  to  pay  the  money  that  we  required 
for  coal.  The  present  disposition  of  nervous  people  —  who 
don't  like  to  lose  money,  who  don't  like  to  pay  high  prices  for 
things  -  -  is  to  say  that  a  thing  which  has  happened  twice 
in  two  years  is  going  to  become  the  regular  order. 

We  had,  last  year,  a  very  unusual  situation,  where  all 
our  labour  contracts  with  the  miners  union  expired  at  one 
time,  something  that  in  my  long  experience  with  the  coal 
industry  I  have  known  to  happen  but  once  before.  We  had 
last  spring  all  the  union  miners  disposed  to  strike  at  once. 
That  is  something  which  has  never  happened  before.  It  is 
rather  a  broad  assumption  that  in  future  the  coal  operator 
is  going  to  be  so  unintelligent  that  he  is  going  to  allow  all 
his  contracts  to  expire  at  the  same  time  and  thus  throw  tempta- 
tion into  the  hands  of  the  miners  to  strike.  It  is  rather  a  broad 
assumption  that  the  miners  are  so  lacking  in  public  spirit  that 
they  are  all  going  to  strike  at  one  time,  and  it  is  rather  a  broad 
assumption  that  the  government  of  the  United  States  is  going 
to  sit  idly  by  and  see  the  throats  of  our  big  cities  cut  by  strikes. 
I  think  all  that  is  rather  a  libel  on  our  intelligence. 

At  the  minute  you  want  to  know  if  we  are  going  to  with- 
draw our  coal  supply  from  you,  I,  at  the  same  time,  am  wonder- 
ing if  you  are  going  to  kick  us  out  of  your  market.  I  don't 
mind  admitting  that  in  the  United  States  our  politicians 
sometimes  talk  as  though  we  were  going  to  shut  the  door. 
But,  among  us,  as  in  Canada,  politicians  don't  amount  to  a 
great  deal.  They  say  a  lot  of  things  which  are  disturbing. 
They  appoint  commissions  which  often  are  more  disturbing. 
Occasionally  we  get  a  governor  of  a  State  and  his  fuel  boards 
that  will  raise  $10,000,000.  of  the  people's  money  and  will 
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try  to  use  it  to  keep  you  from  getting  the  coal  that  you  want 
and  if  you  follow  the  newspapers  and  don't  rely  on  your  common 
sense,  you  may  come  to  the  conclusion  that  we  are  going  to 
shut  off  your  supply  of  coal. 

As  one  who  has  had  some  experience  in  this  industry,  who 
knows  its  struggle  to  obtain  markets,  and  who  is  tied  up  all 
the  time  with  that  struggle  to  obtain  markets,  I  am  going 
to  say  we  are  not  going  to  surrender  this  22,000,000  tons  of 
Canadian  business  without  a  fight. 

If  Alberta  can  cut  under  us  25  cents,  we  will  cut  under 
her  by  50  cents  a  ton,  and  if  the  British  gentlemen  can  cut  us 
by  50  cents  we  will  cut  them  by  a  dollar  per  ton.  We  rather 
like  this  22,000,000  tons  of  business  and  as  far  as  losing  it 
by  an  embargo  is  concerned,  that  is  something  that  is  not 
going  to  happen.  For  one  thing  we,  in  the  United  States, 
live  on  and  by  the  newspapers  and  we  cannot  print  newspapers 
unless  we  get  Canadian  pulp.  The  minute  we  talk  about 
embargoing  your  coal,  somebody  comes  along  and  talks  about 
embargoing  pulp- wood.  That  threatens  to  cut  off  our  political 
propaganda,  and  that  is  something  that  our  government  is 
not  going  to  allow  to  happen.  Also  you  control  half  of  Niagara 
Falls;  while  you  create  the  power  we  use  it.  Somebody  has 
told  us  that  Canada  might  shut  off  her  half  of  Niagara  Falls 
if  we  should  get  too  tight  on  the  coal  question. 

Here  is  something  that  your  fuel  administrator  should 
remember.  It  is  quite  true  that  in  perhaps  two  thirds  of  our 
country  we  have  coal  and  the  baser  metals  on  which  we  can 
support  a  rough  business.  But  when  it  comes  to  the  refine- 
ments of  business,  we  have  to  enrich  our  commerce  by  the 
use  of  the  semi-precious  metals.  We  have  to  get  those  semi- 
precious metals  from  our  own  deposits  in  the  Rocky  Mountains 
or  from  you  who  have  them  in  abundance  right  here.  Which 
of  these  deposits  is  closest  to  Pittsburg,  which  is  the  heart  of 
our  manufacturing  district.  Which  source  gives  the  cheapest 
transportation  of  the  raw  material. 

Acting  on  your  fuel  administrator's  theory,  if  we  want  to 
be  a  self-sufficient  nation  and  to  have  our  own  semi-precious 
metals  we  ought  to  come  over  here  and  annex  Quebec.  Or  if 
you  want  to  be  a  self-sufficient  nation,  so  far  as  coal  is  con- 


60        United  States  Bituminous  Coals    Cushing 

cerned,   you  ought   to  come  over  and  annex   Pennsylvania. 

If  you  decide  on  the  hitter  course  you  may  not  have  as  much 
difficulty  as  you  imagine;  that  State  makes  our  politics  rather 
complex. 

I  was  asked  to  discuss  the  bituminous  coals  which  are 
available  as  substitutes  for  anthracite.  If  I  thought  you  were 
addressing  yourselves  solely  to  the  price  of  anthracite,  I  would 
not  say  what  I  am  going  to  say.  But  if  you  are  going  on  the 
theory  that  anthracite,  in  the  near  future,  will  be  impossible 
to  obtain  in  this  country  I  say  to  you  that  you  can  dispose  of 
that  question.  Your  anthracite  is  going  to  be  as  abundant 
in  future  as  it  has  been  in  the  past.  Some  developments  may 
make  it  even  more  abundant  to  you;  and  those  are  transport- 
ation questions  purely.  On  purely  a  scientific  basis,  I  want  to 
discuss  the  substitutes  for  anthracite  from  a  slightly  new  angle. 
The  fundamental,  that  you  all  know,  is  the  one  thing  that  you, 
most  often,  leave  entirely  out  of  consideration.  That  is,  that 
when  you  burn  coal  you  simply  unite  one  atom  of  carbon  with 
two  atoms  of  oxygen;  that  reaction  gives  you  complete  com- 
bustion. 

Anthracite  being  quite  hard,  yields  its  atoms  of  carbon 
very  slowly;  they  unite  with  the  oxygen  in  the  air  very  slowly. 
That  is  the  reason  anthracite  holds  fire  or  lasts  a  long  time. 
It  is  vastly  easier  to  over-draught  anthracite  than  it  is  to 
under-draught  it.  Anthracite  is  the  only  known  perfect  house- 
hold fuel  because  in  a  household  you  require  a  steady  accumula- 
tion of  heat  —  just  enough  heat  to  warm  the  air  that  comes 
in  to  replace  the  vitiated  air.  That  slow  burning  of  coal  gives 
you  a  very  small  volume  of  the  products  of  combustion  for 
your  chimney  to  carry  away.  It  is  true,  in  a  great  majority 
of  cases,  the  chimneys  are  too  small  to  carry  away  anything 
except  the  products  of  anthracite  combustion.  I  say  without 
fear  of  contradiction  —  if  your  houses  are  like  ours  —  that 
you  cannot  substitute  bituminous  coal  for  anthracite  and  have 
any  success.  Your  chimneys  will  not  carry  off  the  products 
of  combustion. 

That  leaves  you  with  a  very  small  selection  of  fuels  that 
can  be  substituted  for  anthracite.  Briquettes,  in  my  opinion, 
make  the  most  perfect  substitutes  for  anthracite  because  they 
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more  nearly  match,  point  for  point,  the  chemical  properties 
of  anthracite  and  under  carefully  controlled  draught  will  burn 
almost  pound  for  pound  and  ton  for  ton  with  anthracite. 

In  the  United  States  the  natural  product  that  we  have 
to  use  in  substitution  for  anthracite  is  our  low  volatile  or  semi- 
bituminous  or  smokeless  coal.  We  have  various  trade  names 
under  which  it  is  sold  but  in  the  main  it  comes  from  the  West 
Virginia  and  Pennsylvania  fields.  Those  coals  are  available 
to  you,  and  we  are  always  looking  for  a  broader  market  for  that 
fuel.  They  yield  from  70  to  75  per  cent  in  fixed  carbon; 
range  from  about  16  to  22  per  cent,  or  a  little  higher,  in  volatile 
matter;  from  4  to  6  per  cent  in  ash;  are  very  low  in  moisture; 
and  less  than  one  per  cent  in  sulphur.  In  a  household  furnace 
they  flash  when  first  burned,  then  coke,  forming  a  crust  over 
themselves  and  the  crust  unless  disturbed  has  a  tendency  to 
slow  the  combustion  down  and  give  you,  in  the  house  furnace, 
a  fuel  that  performs  almost  the  same  as  anthracite,  while 
burning. 

A  point  you  should  note  is,  that  there  is  no  virtue  in 
using  the  prepared  sizes.  You  can  burn  the  slack,  the  run 
of  mine  or  the  lump  and  egg  coal  with  equal  facility  and 
with  only  a  slightly  different  method  of  firing.  My  personal 
experience  is  that  of  all  the  coals,  the  slack  coal  is  a  little  to  be 
preferred.  But  that  stuff  pulverizes  with  hauling  and  all  kinds 
of  pulverized  things  have  a  natural  affinity  for  draughts. 
Another  interesting  peculiarity  of  that  low  volatile  coal  is 
that  if  you  step  in  it,  it  proves  to  be  something  that  sticketh 
closer  than  a  brother.  Thus,  as  you  leave  the  basement  and 
mount  to  the  living  rooms,  it  leaves  impressions  on  the  carpet. 
This  does  not  tend  to  promote  tranquility.  When  I  put  that 
coal  in  the  basement  I  turn  the  hose  on  it;  every  once  in  a 
while  I  turn  the  hose  on  it  again. 

Something  has  been  said  here  about  the  Virginian  railways. 
When  it  comes  to  getting  that  coal  to  you  people,  you  should 
remember  that  this  field  is  in  the  southern  part  of  West  Virginia 
and  that  from  the  mines  to  tidewater,  the  railway  is  running 
all  the  way,  under  load,  down  hill.  That  is  quite  a  different 
thing  from  climbing  a  four  tenths  of  one  per  cent  grade  with 
fifty  cars  and  an  engine.     That  engine  running  down  hill  to 
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tidewater  has  a  short  haul,  relatively.  When  that  coal  gets 
to  Hampton  Roads,  it  takes  to  the  water  and  it  is  by  water 
transportation  that  it  gets  most  quickly  and  easily  to  the  big 
market.  We  would  have  to  haul  it  a  thousand  miles  by  rail 
to  get  to  a  comparable  market.  So  our  preference  is  to  put 
in  on  the  water.  Some  of  it  is  going  by  water  to  Portland, 
Main,  and  taking  the  short  rail  haul  to  Montreal.  A  tramp 
steamer  sometimes  comes  in  and  we  send  a  cargo  round  to 
Montreal,  where  the  vessel  is  to  take  a  cargo  for  Liverpool. 

In  addition,  three  and  a  half  billion  dollars  are  invested 
in  ships  in  the  United  States  and  about  $3,000,000  worth  are 
tied  up  at  our  docks,  not  doing  anything.  If  you  had  ports 
along  the  St.  Lawrence,  where  coal  could  be  receive,  I  am 
sure  the  Shipping  Board  would  put  those  ships  into  the  all- 
water  transportation  up  here. 

The  only  other  way  by  which  you  can  get  our  low  volatile 
coals  is  by  way  of  the  lake  and  rivers.  That,  also,  involves  a 
very  short  haul,  relatively,  to  the  lower  ports  of  Lake  Erie. 

We  are  relying  on  you  for  pulp  wood.  We  realize  that 
you  have  ships  of  your  own  and  of  Welland  Canal  size  carrying 
pulp  wood  into  Lake  Erie.  Within  three  hours,  they  could 
drop  into  any  of  the  south  shore  ports  of  Lake  Erie  and  take 
on  a  cargo  of  coal  for  delivery  to  your  own  docks.  Last 
summer  we  barged  some  coal  to  you  east  of  Montreal.  We 
believe  that  is  good  business  and  something  we  are  likely  to 
continue  to  do  in  future. 

Our  biggest  business  with  you  has  been  done  by  water. 
We  put  coal  on  the  ships  at  Cleveland  and  the  south  shore 
ports  of  lake  Erie  and  dump  very  considerable  quantities  at 
Port  Arthur  and  Fort  William.  We  are  rather  inclined  to 
continue  that  business.  We  are  very  eager  to  continue  it. 
It  is  attractive  business.  W7e  like  to  sell  you  coal  because 
we  like  to  feel  that  we  can  get  from  you  nickel  and  some  other 
things  we  require.  The  boundary  line  along  the  Niagara 
frontier  and  the  St.  Lawrence  is  an  imaginary  boundary  line. 
The  two  peoples  are  inter-dependent  and  inter-related,  bound 
together  by  ties  of  necessity  that  are  far  stronger  than  the 
ties  of  mere  nationality.  We  frankly  admit  we  cannot  get 
along  without  you.     We  don't  see,  under  present  transport 
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situations,  how  your  country  between  Montreal  and  Winnipeg 
can  very  well  get  along  without  the  coal,  cheaply  transported, 
which  we  have  to  offer. 

But  we  are  confronted  by  just  one  little  difficulty.  It 
does  not  arise  to  the  dimensions  of  a  problem.  It  is  temporarily 
annoying  and  inconvenient.  We  realize  that  the  world  war 
was  fought  over  and  by  the  use  of  natural  resource  raw  material. 
We  had  a  tremendous  development  of  these  things  and  we 
proceeded  to  turn  them  into  cash  as  fast  as  we  could.  As  a 
consequence  of  that  turning  our  things  into  cash,  we  transferred 
ourselves  from  the  position  where  we  were  very  heavily  in 
debt  to  the  rest  of  the  world  to  a  point  where  the  rest  of  the 
world  is  heavily  in  debt  to  us. 

Then,  in  the  United  States,  we  had  a  political  problem 
that  is  similar  to  yours.  We  had  an  income  and  excess  profits 
tax  and  that  went  very  heavily  into  the  very  large  earnings 
of  our  industrial  corporations.  And  like  all  other  human 
beings,  we  rather  resented  the  payment  of  taxes.  So  we 
developed  a  lot  of  schemes  for  defrauding  the  government  by 
mechanical  and  engineering  skill.  Under  the  guise  of  repairs, 
maintenance  and  depreciation  and  all  that  sort  of  thing,  we 
took  a  lot  of  our  money  and  put  it  back  into  plant.  We  have 
an  enormous  sum  of  money  put  back  into  factories  and  mines. 
At  a  measure  we  have  got  ten  thousand  mines  where  we  only 
had  six  thousand  before;  in  some  industries  we  have  ten  or 
twelve  factories  where  we  only  had  six  before.  We  have 
enough  factory  and  mine  capacity  to  flood  your  markets 
not  only  with  coal  but  with  manufactured  products. 

But  during  the  war,  we  did  not  have  the  surplus  revenues 
to  spend  on  transportation  development.  We  fell  a  little  short 
on  that  and  it  is  a  known  fact  that  the  United  States  to-day 
is  in  a  terribly  dangerous  position.  It  is  industrially  impotent 
by  the  fact  that  it  has  not  the  rail  facilities  needed  by  business. 
Our  deficiency  in  rail  transportation  has  been  the  real  reason 
for  the  failure  of  our  merchant  marine.  While  we  are  allowing 
the  steam  railroads  to  catch  up  with  our  factory  and  mine 
productive  capacity,  we  have  to  be  a  little  careful  how  we  use 
the  relatively  few  miles  of  track  that  we  have.  As  we  get 
into  the  swing  of  larger  business  and  as  we  try  to  take  care 


64        United  States  Bituminous  Coals    Cushing 

of  you  people  in  ooal  we  realize  we  have  to  select  those  markets 
and  methods  that  will  require  the  least  expenditure  of  rail 
transportation.  We  cannot  afford  to  bring  our  cars  to  Windsor 
and  then  move  them  as  far  as  London  and  on  to  Toronto. 
We  are  going  to  have  to  take  to  the  water. 

So  our  principal  low  volatile  coal  will  travel  from  West 
Virginia  to  Hampton  roads  by  rail  and  to  Portland,  Main,  or 
possibly  clear  around  to  the  St.  Lawrence  by  water.  Our 
preference  in  future  will  be  to  move  our  coal  by  rail  only  to 
Lake  Erie  or  Lake  Ontario  and  there  transfer  it  by  barges  to 
your  country.  The  whole  question  confronting  you  is  the 
question  that  is  confronting  us,  and  which  has  been  solved  by 
Great  Britain.  Forget  who  owns  the  coal.  Look  only  where 
it  is  located.  Cut  out,  as  far  as  possible,  dependence  on  all 
rail  transportation  and  take  to  the  water  as  an  easy  cheap 
way  of  handling  a  rough  bulky  commodity. 

Dr.  Moore:  I  have  listened  with  great  interest  to  the 
address  of  Mr.  Cushing.  In  view  of  the  fact  that  I  made  a 
statement  this  morning  that  probably  we  could  not  rely  on 
supplies  of  anthracite  from  Pennsylvania  after  25  or  30  years, 
and  in  view  of  the  fact  that  some  United  States  government 
officials  have  made  a  statement  that  the  time  would  be  even 
less  I  would  like  to  ask  Mr.  Cushing  what  he  means  by  his 
statement  that  there  is  no  possibility  but  that  Canada  will 
continue  to  secure  anthracite  from  Pennsylvania,  and  that 
there  will  be  more  of  it  in  the  future  than  in  the  past;  and  how 
long  he  thinks  this  can  continue,  when  you  can  take  the  figures 
of  resources,  which  have  been  given  by  competent  authorities, 
and  take  the  production  per  year  and  find  that  the  supplies 
are  certainly  limited  ? 

Mr.  Cushing:  I  have  been  very  interested  to  check  up 
on  these  various  statements.  In  the  first  place,  I  think  it 
was  in  March  1917  that  I  went  to  Cleveland  to  discuss  the  fuel 
question.  I  established  at  that  time  that  our  total  production 
in  the  United  States  from  1807  had  amounted  to  a  little  less 
than  three  tenths  of  one  per  cent  of  the  coal  we  are  known 
to  have  in  the  ground.  That  is  of  all  coals.  I  went  out  there 
again  within  six  years  and  checked  up  the  figures  to  see  what 
we  had  done  in  the  meantime  and  I  found  that  in  six  years 
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we  had  used  up  seven  hundredths  of  one  per  cent.  In  other 
words  one  hundredth  of  one  per  cent  a  year.  On  that  basis 
and  not  relying  on  a  pound  of  coal  from  Canada  it  is  going  to 
take  us  one  hundred  years  to  use  up  one  per  cent  of  our  coal. 

As  far  as  anthracite  is  concerned  we  have  between  fifteen 
and  twenty  billion  tons  of  coal  known  to  be  in  the  ground. 
I  say,  that  under  improving  methods  we  will  be  able  to  get 
85  to  90  per  cent  of  that  out  and  have  twelve  to  fifteen  billion 
tons  available.  That  is  going  to  last  a  long  time.  That  is 
particularly  so  because,  in  the  United  States  we  recognize  that 
while  it  may  be  possible  to  swim  up  Niagara  Falls  we  don't 
try  it;  very  few  have  the  courage  to  try  to  swim  down  it. 
That  is,  we  know  that  when  fuel  reaches  a  certain  price  numbers 
of  people  will  go  in  for  substitutes.  I  have  not  the  slightest 
objection  to  anybody  trying  substitutes  any  time.  In  the 
United  States  we  have  substituted  oil  for  the  finer  sizes  of 
anthracite.  That,  one  of  these  days,  will  make  available  from 
30,000,000  to  40,000,000  tons  more  of  coal  to  the  householder. 
The  only  thing  necessary  is  for  somebody  to  invent  a  slightly 
improved  furnace  to  burn  that  kind  of  coal.  It  can  be  done 
because  I  have  done  it. 

Out  in  Chicago,  we  had  an  experience  with  bituminous 
coal.  Some  gentleman  here  has  said  you  could  not  burn 
bituminous  coal  —  Chicago  has  done  it  for  years.  It  does  not 
use  much  anthracite  any  more.  I  looked  out  of  my  office 
window,  for  twelve  years,  and  saw  the  factories  burning  the 
worst  coal  in  the  world  and  no  dirt  coming  from  it.  We  are 
learning  to  use  substitutes  for  anthracite  and  you  are  going 
to  learn  to  use  them  too. 

The  keynote  of  the  experiment  is  the  size  of  your  chimney 
and  of  the  combustion  chamber  to  go  with  it.  There  are  a 
few  old  houses  with  chimneys  that  cannot  be  changed  and  a 
few  moss-backed  architects  that  will  build  houses  that  will 
require  anthracite.  Anthracite  is  going  to  have  a  steady 
market  in  satisfying  trade.  Two  hundred  years  will  not 
exhaust  the  supply  of  anthracite.  We  need  not  be  concerned 
about  that. 

In  the  low  volatile  field  we  know  that  the  vein  pitches 
steadily  down  the  mountain  side  and  that  it  is  under  Pittsburg. 
We  have  barely  scratched  the  surface  of  it.    I  have  no  more 
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fear  of  a   fuel   shortage  in  anthracite   semi-bituminous  or 

bituminous  for  Canada  and  the  United  Slates  than  I  have  any 
fear  thai  this  building  is  going  to  dissolve  at  this  minute. 
The  determining  element  is  cost  not  availability. 

Mr.  R.  L.  McIntyre:  Mr.  Gushing  pointed  out  the 
enormous  surplus  development  of  industry  in  ths  United 
States  -■-  exactly  the  same  situation  exists  in  Canada.  We 
are  very  much  over  developed  in  our  manufacturing  industry 
and  very  much  more  so  in  our  coal  industry,  so  there  is  no 
difference  there.  One  remark  worth  noting  is  that  if  the 
Alberta  people  interfered  with  or  attempted  to  obtain  the 
market  that  the  United  States  mines  now  hold  in  Canada 
they  would  cut  25  cents  under  the  Alberta  price  and  if  we  cut 
25  cents  the  United  States  would  cut  50  cents.  We  are  quite 
well  aware  of  that,  we  have  had  that  experience  before.  That 
is  not  an  idle  threat  but  did  Mr.  Cushing  finish  it  ?  He  told 
you  that  the  United  States  would  cut  under  your  cut,  but 
did  he  tell  you  that  when  they  cut  under  they  cut  under  to 
kill  or  end  the  Canadian  competition  and  then  when  the 
competition  is  ended  what  will  his  country  do? 

Mr.  Wilson:  Raise  the  price. 

Mr.  McIntyre:  Gentlemen,  note  that,  that  is  very 
important. 

Mr.  W.  R.  Wilson:  It  is  obvious  to  us  all  that  Mr. 
Cushing  is  not  only  a  good  writer,  but  a  good  and  impressive 
speaker.  He  has  stated  that  the  boundary  line  between 
Canada  and  the  United  States  is  only  imaginary.  The  farmers 
of  this  country  have  serious  reasons  for  regarding  this  boundary 
line  in  a  different  light.  If  they  were  to  ship  their  wheat  to 
this  boundary  under  the  impression  that  the  boundary  is  only 
imaginary,  I  fear  they  would  have  the  unpleasant  experience 
of  finding  out  that  their  wheat  would  likely  go  to  seed  while 
being  held  at  the  boundary  line. 

Mr.  Cushing's  advice  to  us  regarding  the  merits  of  the 
continental  coals  is  based,  I  fear,  on  his  own  personal  experience, 
which  I  infer  is  not  very  extensive,  so  far  as  Canadian  coals 
are  concerned.  I  have  been  connected  for  the  last  50  years 
with  coal  mining  in  the  United  States  and  Canada.  Twenty 
years  or  more  of  this  experience  was  obtained  in  the  United 
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States.  While  resident  in  the  city  of  Pittsburg,  I  saw  coke  of 
a  suitable  character  used,  in  the  homes  of  some  of  the  Pittsburg 
people  for  domestic,  heating.  I  also  used  this  same  class  of 
fuel  to  heat  a  residence  that  I  lived  in,  in  the  same  district, 
which  fuel  I  found  both  suitable  and  economical  for  house 
heating  and  when  properly  prepared  for  this  service,  a  better 
fuel  than  the  average  anthracite  coal. 

I  think  it  is  a  fine  thing  to  have  our  neighbours  and  friends 
come  over  here  and  discuss  our  fuel  problems  with  us,  for  by 
such  intercourse,  we  should  each  be  benefited.  There  is 
nothing  like  human  intercourse  for  building  up  and  improving 
the  understanding.  We  may  learn  through  seeing  things,  and 
through  doing  things,  but  experience  teaches  us  that  there  is 
no  source  of  information  which  comes  to  us  so  instructive  as 
that  which  we  derive  from  human  intercourse.  Mr.  Cushing 
might  have  been  a  little  more  liberal  in  some  of  the  statements 
he  made.  He  made  one  statement,  in  particular,  that  was 
not  very  attractive  to  me.  He  stated  that  the  Shipping 
Board  of  the  United  States  had,  at  the  present  time,  a  number 
of  idle  ships  on  their  hands  and  that  he  believed  if  a  request 
came  from  this  country  to  the  American  Government,  or 
Shipping  Board,  to  place  some  of  these  boats  in  service  to 
bring  coal  from  Virginia  and  Pennsylvania  mines  to  our  coast 
centres  of  consumption,  that  he  felt  satisfied  we  would  receive 
a  favourable  response.  Mr.  Cushing  in  this  suggestion  failed 
to  observe  that  a  move  or  proposition  of  this  nature  would 
be  likely  to  put  some  of  our  eastern  coal  mines  out  of  business. 
From  Mr.  Cushing 's  remarks  we  have  substantiated,  the  old 
belief  that  no  system  of  transportation  is  as  cheap  as  water. 
We  quite  agree  with  this  statement,  but  we  must  go  further 
than  this.  There  are  other  things  that  enter  into  the  affairs 
of  a  nation  and  one  of  these  is  the  permanent  and  secure  up- 
building of  a  country.  Along  these  lines,  I  have  seen  millions 
of  dollars  wasted  in  the  United  States  through  ventures  and 
in  the  hurried  building  up  of  enterprises.  Some  of  the  most 
gigantic  industries  on  the  face  of  the  globe  are  now  permanently 
established  in  the  United  States,  through  this  venture  some 
spirit  of  enterprise,  and  are,  in  spite  of  all  the  energy  that  may 
be  displayed  by  the  people  of  this  country,  going  to  be  a  serious 
source  of  competition  that  will  call  upon  the  best  energies  of 
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By  Robert  Strachan. 

While  the  existence  of  coal  has  been  proved  in  various 
parts  of  the  province  of  British  Columbia,  including  the 
districts  of  Liard,  Peace  River,  Omineca  and  Queen  Charlotte 
Islands,  its  economic  production  has  been  confined  to  three 
coalfields  which  are  situated  in  the  southern  part  of  the 
province.  The  settlement  of  the  province  and  the  building 
of  the  railways  have  no  doubt  greatly  influenced  the  develop- 
ment of  the  country's  coal  resources,  with  the  result  that  the 
souther  portions  lying  nearest  to  the  United  States  boundary, 
have  to-day  a  plentiful  supply  of  coal,  while  in  the  north  the 
coal  deposits  await,  both  population  and  railways. 

At  present  three  coalfields  supply  the  great  bulk  of  the 
fuel  used,  and  exported.  These  coalfields  are  Vancouver 
Island,  Nicola-Similkameen,  and  the  Crow's  Nest  Pass, 
although  within  the  last  two  years  small  amounts  of  coal 
have  been  produced  from  the  Chu  Chua  basin  situated  about 
45  miles  north  of  Kamloops,  and  from  the  Telkwa  field  in  the 
Omineca  mining  district. 

Vancouver  Island,  lying  off  the  west  coast,  is  the  oldest 
settled  portion  of  the  province  and  is  also  the  locality  where 
coal  mining  was  first  developed.  As  early  as  1835  specimens 
of  coal  were  brought  by  Indian  traders  to  the  officers  of  the 
Hudson  Bay  Company  Post  at  Fort  McLoughlan,  on  Millbank 
Sound.  The  value  of  the  coal,  as  a  fuel,  seems  to  have  been 
quickly  appreciated  by  the  officers  of  the  company  because 
in  the  following  year  it  was  used  on  the  steamship  Beaver, 
the  first  steamboat  on  the  Pacific  coast.  While  the  fuel  value 
of  coal  was  appreciated  many  people  were  doubtful  of  the 
permanence  of  the  coal  measures,  and  it  was  decided  later  to 
bring  out  from  Scotland  some  experienced  coal  miners  to 
determine  the  extent  of  the  seams. 
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Among  these  experienced  miners  was  Robert  Dunsmuir, 
and  the  arrival,  on  Vancouver  Island  in  1851,  of  these  men 
marks  the  commencement  of  coal  mining  as  an  industry  — 
an  industry  which  was  to  bring  wealth  and  stability  to  the 
Island.  While  coal  had  been  mined  during  the  period  from 
1836  to  1853  the  amount  produced  was  small,  in  the  latter 
year  amounting  to  about  2,000  tons.  From  1853  the  produc- 
tion steadily  increased,  keeping  pace  with  the  ebb  and  flow 
of  the  demand,  until  at  the  present  time  the  average  annual 
output  amounts  to  about  1,625,900  tons  valued  at  a  little 
over  eight  million  dollars. 

The  second  coalfield  to  be  opened  was  the  Crow's  Nest 
Pass,  situated  in  the  extreme  southeast  portion  of  the  province, 
on  the  western  slope  of  the  Rocky  Mountains.  The  first 
account  of  this  field  is  given  by  one  named  Phillips  who,  while 
trapping  in  the  year  1873,  saw  the  outcrops  of  coal  along  the 
banks  of  the  creeks.  The  following  year  Phillips,  accompanied 
by  three  other  trappers,  spent  a  portion  of  his  time  prospect- 
ing for  coal  and  on  his  return  to  Fort  Steel  reported  that 
coal  was  to  be  found  everywhere  throughout  the  Crow's  Nest 
Pass. 

During  the  following  years  a  grant  of  money  was  made 
by  the  provincial  legislature  to  build  a  trail  through  the  Pass. 
The  years  1880  and  1881  were  marked  by  visits  from  several 
officers  of  the  Dominion  Geological  Survey  and  in  1883  Dr. 
Dawson  made  a  preliminary  survey  of  the  coalfields  which 
he  included  with  his  report  for  that  year. 

In  1887,  Mr.  Fernie,  after  whom  the  present  town  of 
Fernie  is  named,  and  Lieut.-Col.  Baker  of  Fort  Steel,  organized 
a  party  to  prospect  the  district  and  for  a  period  of  almost 
eight  years  continued  this  work  under  great  difficulties.  In 
1897,  the  Crow's  Nest  Pass  Co.  purchased  the  interests  of  the 
Fernie-Baker  party  and  commenced  systematic  development 
on  Coal  creek,  where  that  stream  empties  into  the  Elk  river, 
about  five  miles  from  the  town  of  Fernie.  Included  in 
the  charter  of  the  Crow's  Nest  Pass  Co.  was  an  agreement 
to  build  a  railway  from  the  eastern  boundary  of  the  province 
to  some  point  on  the  Kootenay  river,  which  at  that  time 
was  used  for  navigation.  An  arrangement  was  made  with  the 
Canadian  Pacific  Railway  to  extend  their  branch  railway  from 
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McLeod,  in  Alberta,  to  Kootcnay  Lake,  forming  the  present 
Crow's  Nest  Pass  Branch.  This  railway  extension  reached 
the  town  of  Fernie  the  following  year,  when  9,954  tons  of 
coal  were  produced.  In  his  annual  report,  to  the  minister  of 
mines  for  that  year,  the  provincial  mineralogist  makes  the 
following  significant  comment.  "The  most  important  mining 
development  in  east  Kootenay,  if  not  indeed  in  the  whole 
province  during  the  year,  has  been  the  opening  up  of  the 
magnificent  coal  deposits  of  the  Crow's  Nest  Pass."  That 
these  anticipations  were  to  be  fulfilled  seemed  assured  when 
the  following  year  witnessed  the  production  of  103,000  tons 
of  coal,  and  the  marketing  of  30,000  tons  of  very  fine  coke 
to  the  advantage  of  Kootenay  and  Boundary  smelters.  Not- 
withstanding a  full  share  of  the  troubles  experienced  in  common 
with  other  mining  districts  the  supply  of  coal  from  the  Crow's 
Nest  has  kept  pace  with  the  demand  and  in  1910,  the  year 
of  greatest  production,  1,365,119  tons  of  coal  and  173,659 
tons  of  coke  were  produced. 

The  Hosmer  mines  which  had  been  opened  in  1908  by 
the  Canadian  Pacific  Railway  were  closed  down  in  1914  owing 
to  difficulties  encountered  in  mining  the  coal.  This  explains, 
to  some  extent,  the  subsequent  reduction  in  output  which 
now  averages  about  759,755  tons  annually  valued  at  about 
$3,799,000.  The  tonnage  of  coke  made  has  also  decreased 
considerably,  due  to  the  closing  down  of  the  Grand  Forks 
and  Greenwood  smelters;  the  amount  produced  annually 
having  fallen  from  173,659  tons  in  the  year  1910  to  59,434 
tons  in  1921. 

The  third  coalfield  to  be  opened  was  the  Nicola-Similka- 
meen  which  is  situated  in  the  central  and  southern  portion 
of  the  province.  The  occurrence  of  coal  was  mentioned  by 
Dawson  in  his  preliminary  report  and  survey  of  this  district 
in  1877  and  1878  but  not  until  1901  was  there  any  active 
interest  taken  in  either  the  Similkameen  or  Nicola  districts. 
Mining  on  a  commercial  scale  commenced  in  1907  in  the 
Nicola  district  and  in  the  Similkameen  district  in  1910.  Almost 
11,000  tons  were  produced  in  the  Nicola  district  in  1907,  and 
this  increased  to  62,000  tons  in  the  following  year.  The 
Similkameen  district  produced  11,800  tons  in  1910.  The 
banner  production  year,  so  far  recorded,  was  in  1913  when 
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both  districts  produced  265,542  tons  of  coal  valued  at  $929,397. 
Since  that  time  the  use  of  fuel  oil,  in  the  city  of  Vancouver 
and  on  the  railways,  has  seriously  interfered  with  the  demand 
for  coal  and  now  the  average  annual  output  from  these  districts 
amounts  to  183,153  tons  valued  at  $915,765. 

Vancouver  Island  Coalfield. 

The  Vancouver  Island  coalfield  includes  the  Nanaimo 
and  Comox  districts  the  former  being  separated  from  the 
latter,  north  of  Nanoose  harbour,  by  the  axis  of  the  Vancouver 
volcanics.  The  Nanaimo  and  Comox  districts  will  be  dealt 
with  separately. 

The  Nanaimo  basin  extends  lengthwise  southeast  from 
Departure  bay,  north  of  Nanaimo  to  Crofton,  a  distance  of 
about  30  miles,  while  its  greatest  width  inland  is  about  10 
miles;  a  total  area  of  coal-measures  of  about  300  square  miles. 
The  productive  area  is  estimated  at  about  65  square  miles, 
the  field  being  traversed  by  many  faults  and  disturbances  and 
the  coal  seams  varying  very  much  both  in  thickness  and 
quality. 

According  to  C.  H.  Clapp  the  Nanaimo  district  is  underlain 
by  a  series  of  coal  bearing  sedimentry  rocks  of  Upper  Cretaceous 
age,  called  the  Nanaimo  series,  in  which  are  found  the  three 
seams  of  coal  that  are  generally  worked.  The  rocks  upon 
which  the  coal-measures  rest  unconformably,  are  metamorphic 
volcanics  of  medium  basicity,  and  andesites  of  both  the  flow 
and  fragmental  types,  the  former  predominating.  They  are 
of  the  lower  Mesozoic,  Triassic,  and  Jurassic  ages  and  belong 
to  the  Vancouver  group,  of  which  the  larger  part  of  Vancouver 
Island  is  composed.  The  sediments  of  the  Cretaceous  series 
were  deposited  in  bays  in  the  softer  rocks,  while  the  harder 
rocks  evidently  formed  headlands,  since  they  project  into 
the  rock  basins  to-day,  surmounting  them  very  steeply,  in 
some  instances  by  nearly  3,000  ft. 

The  Nanaimo  series,  as  shown  by  its  fauna,  is  partly  of 
marine  origin,  probably  estuarine,  since  it  was  deposited 
under  varying  conditions  on  a  surface  of  considerable  relief. 
But  the  series  also  contains  plants,  most  of  which  indicate 
conditions  of  fresh  or  at  least  brackish  water;  that  is  terrestrial 
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conditions  alternated  with  marine  conditions.  A  peculiar 
feature  of  the  shale  horizons  of  the  Upper  part  of  the  Nanaimo 
series,  especially  those  which  are  interbedded  with  sandstone, 
is  the  occurrence  of  numerous  sandstone  dikes.  These  dikes 
cut  the  shales  at  various  angles  to  their  bedding  planes  and 
are  fairly  regular,  although  branching  and  faulting  occur. 
The  larger  dikes  are  3  to  4  ft.  in  thickness  and  may  be  traced 
for  at  least  100  ft.  in  length.  The  Nanaimo  series  has  been 
subjected  to  great  physical  stress  which  probably  took  place* 
during  the  general  and  wide  spread  Laramide  movement.    This 
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formed  broad  open  folds  in  the  northeastern  part  of  the  basin, 
and  closed  overturned  folds,  broken  by  reverse  and  overthrust 
faults,  in  the  southern  part.  The  axis  of  folding  corresponds 
in  general  with  the  trend  of  the  island,  i.e.,  northwest-southeast 
although  conforming  in  detail  with  the  outline  of  the  coal- 
basin. 

In  the  coal  series  there  are  three  productive  seams,  the 
Douglas,  the  Newcastle,  and  the  Wellington.  The  Wellington 
is  the  lowest,  and  between  it  and  the  Newcastle  there  is  between 
800  and  1,000  ft.  of  thick  bedded  conglomerate  called  the 
Extension  formation.  Between  the  Newcastle  and  the  Douglas 
seams  there  is  between  25  to  100  ft.  of  strata.    Another  small 
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seam  called  the  Little  Wellington,  overlies  the  Wellington  at 
from  20  to  50  ft.  The  coals  of  the  various  seams  are,  as  a 
whole,  very  much  alike  and  furnish  a  bituminous  fuel  of  fair 
grade.    The  following  analyses  are  interesting:* 


Name  of  Seam 

Moisture 
Per  cent 

Vol. 
Matter 
Per  cent 

Fixed 
Carbon 
Per  cent 

Ash 
Per  cent 

Sul. 
Per  cent 

British 
Thermal 
Units  per 

pound 

Douglas 

2.2 

41.2 

48.5 

10.3 

1.18 

12,830 

Newcastle 

2.4 

41.5 

46.6 

11.9 

1.12 

12,470 

Wellington 

1.8 

40.1 

49.8 

10.1 

1.24 

13,160 

The  most  striking  feature  of  the  seams  in  this  coalfield 
is  their  diversity  in  thickness  and  in  quality.  The  thickness 
will  vary  from  a  few  inches  to  over  30  ft.,  sometimes  within 
a  lateral  distance  of  less  than  100  ft.  This  variation  is  caused 
by  irregularities  in  either  the  roof  or  the  floor  and  occasionally 
in  both.  In  quality  the  seams  will  vary  from  a  clean  bright 
coal  containing  about  5  per  cent  of  ash,  to  a  dirty  slickenside 
coal,  locally  called  "rash",  containing  over  50  per  cent  of  ash. 
This  is  due  to  the  arrangement  of  the  coal  seams,  in  which 
fairly  clean  carbonaceous  matter  was  deposited  alternately 
with  large  amounts  of  silt.  When  the  seams  were  folded  the 
clean  coal  was  apparently  forced  away  from  the  bends,  where 
the  folding  caused  an  increase  in  the  vertical  pressure,  and 
the  seams  were  left,  in  these  places,  composed  almost  entirely 
of  "rash".  The  clean  coal  flowed  to  points  where  vertical 
pressure  was  relieved  and  formed  swells.  At  these  points  the 
seams  contain  clean  bright  coal,  except  for  some  "rash"  at 
the  top  and  bottom.  In  addition  to  the  barren  places  or 
"wants",  due  to  folding  subsequent  to  the  deposition  of  the 
seam,  there  are  large  "wants"  due  entirely  to  silting,  for  in 
some  instances  the  silting  persisted  throughout  the  period  of 
coal  formation.     Little  information  is  available  regarding  the 


*  "An  Investigation  of  the  Coals  of  Canada",  by  J.  B.  Porter,  and 
R.  J.  Durley. 
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reserves  of  coal  in  the  Nanaimo  district.  If  we  include  all 
scams  of  one  foot  in  thickness  and  greater  to  a  depth  of  4,000 
it.  and  allowing  the  coalfield  an  area  of  181  square  miles,  with 
an  average  total  thickness  for  the  three  seams  of  ten  feet,  a 
conservative  estimate  would  be  about  1,340  million  tons. 

The  opening  up  and  development  of  the  coal  mines  on 
Vancouver  Island  is  closely  associated  with  the  name  of  the 
Dunsmuir  family.  Robert  Dunsmuir,  the  father  of  Sir  James 
Dunsmuir  at  one  time  Lieut. -Governor  of  the  Province,  arrived 
at  the  Hudson  Bay  Company  post  in  1851,  and  shortly  after 
commenced  prospecting  and  developing  mines  for  the  company. 
The  Hudson  Bay  Company  sold  its  interests  later  to  the 
Vancouver  Coal  Co.,  and  Robert  Dunsmuir  was  engaged  by 
Captain  Lascelles  to  open  up  the  Harewood  mine.  Captain 
Lascelles  afterwards  sold  to  one  named  Buckley.  The  mine 
eventually  fell  into  the  hands  of  the  Bank  of  British  Columbia, 
whose  interests  were  purchased  by  the  Vancouver  Coal  Co. 
Robert  Dunsmuir's  next  efforts  were  directed  toward  opening 
mines  for  himself  at  Davis  lake.  To  assist  him  in  developing 
these  properties  he  entered  into  partnership  with  Lieutenant 
Diggle,  Captain  Egerton  and  Admiral  Farquhar.  The  coal 
was  mined  and  then  hauled  by  teams  to  a  small  wharf,  where 
it  was  lightered  out  to  ships  and  taken  to  Esquimalt  for  the 
Royal  Navy.  From  this  time  forward  the  Dunsmuir  interests 
multiplied  and  although  Robert  Dunsmuir  seemed  to  have 
unlimited  confidence  in  the  persistence  of  the  coal  measures, 
his  associates,  one  by  one,  gradually  sold  their  interests  to  him. 

The  grant  of  land,  which  included  the  coal  rights,  for  the 
building  of  the  Esquimalt  and  Nanaimo  Railway  made  the 
Dunsmuir  interests  predominent  and  under  the  name  of  the 
Wellington  Collieries  commencement  was  made  to  develop 
the  Wellington  mines,  and  later  the  Extension  mines  near 
Nanaimo,  and  the  Union  mines  near  Comox.  With  the 
Vancouver  Coal  Co.  controlling  an  area  of  about  43,000  acres 
near  the  city  of  Nanaimo,  and  the  Wellington  Collieries 
controlling  the  districts  of  Extension  and  Cumberland  these 
companies  became  the  pioneers  in  the  development  of  the 
coal  mining  industry  which  has  meant  so  much  to  Vancouver 
Island. 
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There  are  now  seven  different  companies  either  mining  or 
controlling  coal  areas  on  Vancouver  Island,  but  the  Western 
Fuel  Corporation  of  Canada  Ltd.,  successors  to  the  Vancouver 
Coal  Co.,  and  the  Canadian  Collieries,  (Dunsmuir),  Ltd., 
successors  to  the  Wellington  Collieries,  together  produce  about 
80  per  cent  of  the  total  coal  mined  on  the  Island. 

In  the  Nanaimo  district  the  companies  either  operating 
or  holding  coal  areas  are  the  Western  Fuel  Corporation  of 
Canada  Ltd.,  the  Canadian  Collieries  (Dunsmuir),  Ltd.,  at 
Extension,  the  Granby  Consolidated  Mining,  Smelting  and 
Power  Co.,  the  Pacific  Coast  Coal  Mines  Ltd.  (not  working  at 
present),  the  Nanoose  Wellington  Collieries  Ltd.,  the  East 
Wellington  Coal  Co.  (not  working  at  present),  and  Messrs. 
King  and  Foster. 

In  the  Comox  district,  the  only  operating  company  is  the 
Canadian  Collieries  (Dunsmuir),  Ltd.,  working  the  Cumber- 
land mines,  formerly  called  the  Union  Mines. 

In  the  following  brief  description  of  the  various  active 
collieries  a  similiarity  will  be  observed  in  working  conditions 
such  as  the  varying  thickness  of  the  coal  seams,  the  methods 
of  mining,  methods  of  ventilation,  and  haulage,  and  the  break- 
ing down  of  the  coal  and  its  preparation  for  the  market. 

Western  Fuel  Corporation  of  Canada,  Ltd. 

This  company  own  an  area  of  43,000  acres  in  and  around 
the  city  of  Nanaimo,  of  which  17,000  acres  are  estimated  to 
contain  about  100  million  tons  of  coal.  At  present  the  com- 
pany has  four  collieries  in  operation,  the  Nanaimo  No.  1 
situated  practically  in  the  city  of  Nanaimo,  the  Reserve 
situated  about  five  miles  from  Nanaimo,  and  the  Wakesiah 
and  the  Hare  wood,  both  of  which  are  about  two  miles  from 
Nanaimo. 

Nanaimo  Colliery. 

The  Nanaimo  colliery  possesses  three  shafts.  No.  1  at 
the  south  end  of  the  Esplanade  at  Nanaimo,  which  is  the 
principal  shaft  used  for  hoisting  coal,  the  Protection  shaft 
on  Protection  island,  used  chiefly  for  the  entry  of  supplies 
and  the  miners  who  are  taken  by  ferry-boat  from  Nanaimo 
to  Protection  island,  and  the  Newcastle  shaft  on  Newcastle 
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island  for  travelling  and  ventilation.  The  depth  of  these 
shafts  vary  according  to  the  inclination  of  the  coal  seams, 
the  No.  1  shaft  striking  the  coal  at  a  depth  of  750  ft.  Both 
the  Douglas  and  the  Newcastle  seams  are  being  mined,  the 
former  on  the  south  side,  the  latter  on  the  north  side.  The 
Newcastle  seam  averages  about  3  feet  in  thickness  while  the 
Douglas  seam  is  from  2  ft.  9  in.  to  3  ft.  7  in.  thick.  In  some 
places  the  thickness  of  both  seams  increase  and  where  this 
occurs  the  Pillar  and  Stall  method  of  working  is  used.  Where 
the  seams  are  thin  the  Longwall  method  is  employed.  Con- 
siderable trouble  has  been  experienced  from  the  irregular 
thickness  and  quality  of  the  seams,  as  well  as  from  faulting, 
and  the  methods  of  working  are  adjusted  as  closely  as  possible 
to  these  variable  conditions. 


Plate  No.  1 
Colliery,  Western  Fuel  Corporation  of  Canada,  Ltd.,  Nanaimo,  B.C. 

Where  the  coal  is  thin,  it  is  generally  mined  by  coal-cutting 
machines,  of  either  the  post-puncher  or  Longwall  type,  where 
the  coal  is  thick  it  is  mined  by  hand-picks.  Permitted  explosives 
are  used  where  required  under  the  supervision  of  certificated 
workmen.  The  coal  is  loaded  into  cars  of  about  one  ton 
capacity  which  are  gathered  by  horses  to  partings  or  landings 
and  are  then  handled  either  by  compressed  air  or  electric 
power  hoists  to  the  top  of  the  inclines,  where  they  are  taken 
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by  electric  locomotives  to  the  foot  of  the  shaft.  Powerful 
ventilating  fans  are  installed  at  the  surface  for  circulating 
large  volumes  of  pure  air  to  carry  away  dangerous  and  noxious 
gases  and  to  keep  the  mine  cool. 

The  principal  gases  given  off  by  the  coal  are  methane, 
better  known  to  the  miner  as  fire-damp,  all  to  often  a  con- 
tributing factor  to  the  mine  explosions  which  so  frequently 
take  toll  of  precious  lives,  and  black-damp  or  carbon  dioxide. 
Exhalations  from  men  and  animals,  foul  air  from  decaying 
timbers  and  other  sources,  while  not  so  deadly  as  fire-damp 
and  black-damp  require  large  volumes  of  air  to  remove  them 
so  that  the  workmen  may  pursue  their  calling  with  a  certain 
amount  of  safety  and  comfort. 

Practically  all  the  coal  from  this  colliery  is  hoisted  through 
the  No.  1  shaft  by  powerful  steam  engines  and  unloaded, 
screened,  sized,  picked  and  otherwise  prepared  before  being 
placed  on  the  market  for  sale.  In  the  course  of  this  prepara- 
tion, the  coals  from  the  Douglas  and  Newcastle  seams  are 
kept  separate,  each  being  sent  to  a  separate  shaking  screen, 
where  the  slack  is  separated  from  the  lump.  The  lump  is 
then  passed  over  a  picking  table  permitting  the  bone  and 
slate  to  be  picked  out  after  which  it  is  loaded  into  cars  for 
shipment  either  to  the  railway  or  to  the  docks  where  it  is 
stored  for  the  accommodation  of  shipping. 

The  power  plant  consists  of  two  water  tube  and  six  return 
tubular  boilers  with  a  combined  capacity  of  546  h.p.  These 
provide  steam  for  two  air-compressors  driving  the  coal  cutting 
machines,  air-hoists,  and  underground  pumps,  also  the  engines 
for  the  direct  current  electric  generators  supplying  light,  and 
power  for  electric  locomotives.  During  1921  the  mine  gave 
employment  to  1,628  men,  of  these  1,115  were  used  under- 
ground and  513  were  engaged  in  surface  work.  The  production 
of  coal  in  that  year  amounted  to  566,034  tons  of  which  23 
per  cent  was  exported. 

Reserve  Mine. 

This  colliery  is  situated  about  five  miles  from  Nanaimo. 
Two  shafts  955  ft.  deep  have  been  sunk  to  meet  the  Douglas 
seam  which  at  this  point  is  inclined  at  an  angle  of  from  10  to 
15  degrees.  A  short  rock  tunnel  connects  the  shafts  with  the 
seam.    A  great  many  difficulties  have  been  encountered  in 
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this  mine,  owing  to  faults,  and  a  large  amount  of  prospecting 
work  has  been  required.  The  coal  is  of  a  soft  nature,  and  is 
mined  by  hand-pick^,  the  method  of  work  being  Pillar  and 
Stall,  the  extraction  of  the  pillars  closely  following  the 
development. 

The  loaded  cars  are  gathered  by  horses,  elevated  to  the 
top  of  the  inclines  by  compressed  air-hoists,  and  then  hauled 
to  the  shaft.  The  coal  is  hoisted  in  one  of  the  shafts  by  a 
pair  of  30  by  60  in.  steam  engines,  while  the  other  shaft  is 
provided  with  a  smaller  and  similar  set  of  engines.  Ventilation 
is  secured  by  a  pair  of  90  in.  Sirocco  fans,  capable  of  delivering 
140,000  cu.  ft.  of  air  per  minute.  Two  steam  driven  Rand 
compressors  provide  compressed  air  to  operate  the  under- 
ground pumps  and  hoists,  while  an  electric  generator  supplies 
light  to  the  underground  and  surface  works.  Four  return 
tubular  boilers,  with  a  total  capacity  of  832  h.p.  supply  steam 
at  125  pounds  pressure  to  the  power  house. 

Wakesiah  colliery. 

This  colliery  is  situated  about  two  miles  from  Nanaimo. 
Two  shafts  320  ft.  deep  have  been  sunk  to  the  Wellington 
seam.  Similarly  to  the  Reserve  colliery  much  trouble  has 
been  experienced  from  the  irregular  thickness  of  the  coal, 
and  from  faults  and  barren  portions  of  the  seam  where  the 
coal  has  been  replaced  by  "rash"  or  shale.  The  seam  varies 
in  thickness  from  2  to  20  ft.  and  both  the  Pillar  and  Stall  and 
Longwall  methods  of  working  are  employed.  The  undulating 
nature  of  the  seam  makes  haulage  both  costly  and  difficult, 
and  has  greatly  retarded  the  development  of  this  mine.  The 
coal  is  sometimes  mined  by  hand  and  at  other  times  by  coal- 
cutting  machines  of  the  post-puncher  or  Longwall  type. 
As  in  the  other  mines  the  cars  are  gathered  by  horses  and 
elevated  to  the  levels  by  compressed  air-hoists. 

Trouble  has  been  experienced  from  large  quantities  of 
water  which  necessitate  the  use  of  seven  pumps  all  of  which 
are  driven  by  compressed  air  except  the  main  delivery  steam- 
driven  pump  which  pumps  directly  up  the  shaft.  Ventilation 
is  secured  by  a  steam  driven  Murphy  fan  capable  of  supplying 
26,000  cu.  ft.  of  air  per  minute.  The  main  hoist  is  14  x  18  in. 
and  is  steam  driven.  Two  boilers  with  160  combined  h.p. 
supply  steam  for  the  main  hoist,  main  pump,  compressor, 
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and  electric  light  plant.     The  coal  is  screened,   sized,   and 
picked  at  the  tipple  before  being  shipped. 

Harewood  colliery. 

The  Harewood  mine  situated  about  two  miles  from  the 
city  of  Nanaimo  has  had  a  chequered  career.  The  mine  was 
opened  in  1883  on  the  outcrop  of  the  Newcastle  seam  and 
worked  for  several  years.  In  1902  it  was  re-opened  and  a 
shaft  150  ft.  deep  was  sunk  to  the  dip  to  extract  that  portion 
of  the  coal  left  between  the  shaft  and  the  outcrop.  The  mine 
was  then  abandoned  for  the  second  time. 

The  present  operations  commenced  in  1917  when  the  old 
tunnel  and  shaft  were  cleared  out  and  prospecting  for  other 
coal  areas  was  commenced.  Several  new  areas  were  discovered 
but,  similiar  to  the  experience  of  other  mines,  they  were  found 
to  be  irregular  in  thickness  and  much  disturbed.  The  usual 
methods  of  mining  are  employed,  either  Pillar  and  Stall  or 
Longwall  with  hand-picks  or  coal-cutting  machines  as  the 
conditions  permit.  The  coal  cars  are  collected  either  by 
horses  or  electric  air-hoists  and  hauled  to  the  tipple  by  electric 
locomotives.  A  Murphy  fan,  electrically  driven,  provides 
ventilation  and  is  capable  of  delivering  40,000  cu.  ft.  of  air 
per  minute.  The  coal  is  unloaded  by  means  of  a  revolving 
dump  then  screened  into  three  sizes  and  picked  before  being 
loaded  into  railway  cars  for  shipment.  Two  return  tubular 
boilers  provide  steam  to  drive  the  generators  for  the  under- 
ground electric  hoists,  and  pumps,  as  well  as  for  the  tipple 
equipment  on  the  surface. 

Permitted  explosives  are  used  for  mining  the  coal  at 
practically  all  of  the  mines  of  the  Western  Fuel  Corporation 
of  Canada,  Ltd.,  and  their  use  is  supervised  by  officials  holding, 
at  least,  Third  Class  Certificates.  No  open  lights  are  allowed 
underground.  The  workmen  in  the  majority  of  cases  use 
head  or  cap-lamps  of  the  electric  type,  while  the  Wolf  safety- 
lamp  is  used  by  the  officials  for  detecting  inflammable  or 
explosive  gas. 

Ventilation  in  all  the  mines  is  provided  by  mechanical 
fans.  The  quantities  of  air  delivered  are  proportional  to  the 
underground  workings,  and  to  the  number  of  workmen  em- 
ployed underground.  In  no  case  is  this  proportion  less  than 
100  cu.  ft.  of  air  per  minute  for  each  man,  boy,  or  animal 
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in  the  mine.    Under  these  conditions  the  sizes  of  the  ventilating 

fans  differ  greatly.  For  instance  at  the  Nanaimo  colliery, 
which  is  one  of  the  oldest,  and  most  extensive  collieries  in  the 
province,  two  fans  are  in  constant  use  while  a  third  fan,  with 
a  capacity  equal  to  the  largest  one  in  use,  is  kept  in  reserve. 
At  this  colliery  a  fan  of  the  Guibal  type,  9  ft.  wide  by  18  ft. 
in  diameter,  driven  at  70  r.p.m.,  provides  47,000  cu.  ft.  of  air 
per  minute  for  145  men  and  26  animals  in  one  portion  of  the 
mine.  The  other  portion  of  the  mine  is  ventilated  by  a 
Sirocco  type  fan  72  by  90  ins.  double  inlet,  rope  driven,  and 
capable  of  delivering  195,000  cu.  ft.  of  air  per  minute  for  90 
men  and  17  animals.  A  fan  of  a  similar  type  is  kept  in  reserve. 
On  the  other  hand  in  collieries  like  the  Wakesiah  there  is 
provided  a  smaller  fan  capable  of  delivering  about  40,000 
cu.  ft.  of  air  per  minute  for  the  use  of  about  83  men  and  10 
animals  in  the  mine.  All  of  these  mines  give  off  a  certain 
quantity  of  methane  or  fire-damp  and  this  is  carried  away 
by  the  ventilating  air  current  and  diluted  below  the  inflammable 
point. 

On  the  surface  the  coal  is  unloaded  and  separated  into 
several  sizes,  then  the  refuse  is  picked  from  the  larger  sizes 
and  they  are  loaded  for  the  market.  The  smaller  sizes  are 
generally  washed  by  the  usual  methods,  although  the  Western 
Fuel  Corporation  have  been  experimenting  with  flotation 
processes.  The  washing  of  coal  by  the  flotation  process  is, 
as  yet,  in  the  experimental  stage,  and  I  believe  this  is  one 
of  the  first  attempts  in  Canada  to  clean  coal  by  this  method. 
If  the  experiments  are  successful  a  greater  recovery  of  fine 
coal  will  be  obtained  and  a  fuel  comparatively  free  from 
foreign  matter  will  be  available  for  consumers. 

Like  the  majority  of  other  coal  companies  on  Vancouver 
Island  the  Western  Fuel  Corporation  produces  a  large  amount 
of  bunker  coal  and  extensive  docks  are  provided  for  the  purpose 
of  supplying  this  trade.  The  coal  is  taken  by  railway  cars 
to  the  docks  and  either  unloaded  directly  into  the  ships  or 
is  stored  in  pockets  from  which  it  is  conveyed  to  the  loading 
chutes. 

Granby  Consolidated  Mining  Smelting  and  Power  Co. 

The  Granby  colliery,  owned  and  operated  by  this  company, 

is  situated  at  Cassidy,  eight  miles  south  of  Nanaimo.     This 
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colliery  was  opened  in  1918  with  the  idea  of  providing  a  per- 
manent supply  of  fuel  for  the  company's  smelter  at  Anyox. 
The  company's  by-product  coke  oven  plant,  at  Anyox,  take 
the  slack  coal  from  the  mine  while  the  lump  coal  finds  a  ready 
local  and  export  market- 
Three  slopes  have  been  sunk  on  the  Douglas  seam,  which 
is  10  ft.  thick  at  its  outcrop  and  dips  at  an  angle  of  about 
16  degrees.  As  these  slopes  progressed  the  usual  local  char- 
acteristics, irregularity  in  thickness  and  in  quality,  of  the  coal 
seam  developed. 

These  irregularities  have  caused  a  considerable  amount 
of  trouble  in  mining  the  coal  and  further  trouble  has  of  late 
developed  in  outbursts  of  gas  accompanied  by  the  dislodgement 
of  great  quantities  of  coal.  These  outbursts,  as  a  rule,  have 
not  so  far  proved  very  violent.  In  some  cases  they  simply 
move  a  large  body  of  coal  a  distance  of  from  10  to  12  ft.  forward 
and  displaced  the  timbers.  As  much  as  150  to  400  tons  of  coal 
have  occasionally  been  displaced  but  fortunately,  in  the 
majority  of  cases,  sufficient  warning  has  been  given  to  enable 
the  workmen  to  escape. 

The  coal  is  mined  by  the  Pillar  and  Stall  method,  and  is 
broken  by  hand,  or  by  explosives  although  the  use  of  explosives, 
owing  to  the  outbursts  of  gas,  has  been  curtailed.  The  coal 
is  either  loaded  by  hand,  or  through  chutes  to  1.75  ton  mine 
cars  which  are  hauled  to  the  main  slope  by  electric  storage- 
battery  locomotives.  The  cars  are  then  hauled  to  the  surface, 
in  trips,  by  an  18  x  36  in.  steam  driven-hoist. 

The  mine  water  is  dealt  with  by  a  Gould's  triplex  pump 
with  a  capacity  of  300  gallons  per  minute  under  a  head  of 
700  ft.  Ventilation  is  secured  by  a  Sirocco  fan,  driven  by  a 
150  h.p.  motor,  capable  of  delivering  150,000  cu.  ft.  of  air  per 
minute  for  107  workmen.  All  the  workmen  use  electric  lamps 
of  the  cap  type  while  the  officials  use  the  Wolf  safety-lamp. 
Apart  from  the  outbursts  of  gas  previously  mentioned  the 
mine  has  been  free  from  dangerous  gas. 

The  tipple  and  washer  designed  by  Messrs.  Robert  Schafer 
Co.  of  Chicago  is  modern  in  every  respect  being  equipped 
with  rotary  dump,  Marcus  screen  and  loading-booms.  Railway 
cars  are  handled  by  the  Fairmont  car  retarders.  The  washer 
is  equipped  with  two-compartment  jigs  of  80  ton  hourly 
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capacity,  seven  Deister-Overstrom  tables  and  a  75  foot  Dorr 
thickener.  The  boiler  plant  consists  of  two  Badenhausen 
boilers  fired  by  type  E  mechanical  stokers  and  one  Babcock 
and  Wilcox  boiler  fired  with  a  Sanford- Riley  mechanical 
stoker.  Arrangements  are  installed  to  flume  the  boiler-room 
ashes  to  the  dump. 

During  1921,  268,962  tons  of  coal  were  produced  at  this 
colliery  and  of  this  amount  28  per  cent  was  exported.  The 
loss  in  washing,  due  principally  to  soft  or  sooty  coal  and 
foreign  material,  was  57,800  tons  or  21  per  cent.  During  the 
same  year  344  workmen  were  employed  underground,  and  132 
on  the  surface. 

No  report  of  this  colliery  could  be  complete  without 
reference  to  the  employees  living  quarters.  For  this  purpose 
an  area  of  about  80  acres  was  reserved  on  a  bench  overlooking 
the  Nanaimo  river  to  the  north  and  the  Haslem  creek  to  the 
south.  This  site  is  sheltered  by  forest  ridges  on  the  east 
and  west  and  is  being  kept  as  a  residential  district.  The 
townsite  was  planned  to  present  a  pleasing  appearance  and 
good  taste  was  displayed  in  the  style  of  architecture  adopted 
for  the  dwellings.  The  streets  are  boulevarded  and  the 
houses  surrounded  by  fresh  green  lawns  and  flower  gardens. 
Shade  trees  have  been  planted  along  the  boulevards  on  each 
street.  The  town  is  also  furnished  with  modern  water- works 
and  sewage  disposal  systems.  Recreation  is  provided  by  one 
of  the  best  and  finest  athletic  parks  in  the  province,  containing 
base-ball  and  foot-ball  grounds,  tennis-court,  bowling-green, 
and  a  quarter-mile  track.  A  hillside  behind  the  park  forms  a 
natural  grand-stand.  A  community  house  has  been  provided 
containing  a  gymnasium,  dance-hall,  library,  reading-room, 
billiard  and  pool  room.  Thus  the  company  has  provided 
ideal  entertainment  as  well  as  physical  and  mental  relaxation 
for  its  workmen. 

A  rooming-house  for  the  accommodation  of  single  work- 
men contains  80  rooms  all  of  which  open  on  to  a  balcony. 
Each  room  is  steam  heated  and  is  also  provided  with  running 
hot  and  cold  water.  The  company  furnish  the  furniture  and 
bedding  in  these  rooms  to  ensure  the  cleanliness  and  comfort 
of  their  employees. 
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The  mess-house  or  dining  room  is  in  a  separate  building 
and  is  equipped  with  every  modern  convenience.  The  workmen 
enter  through  a  long  lobby  fitted  with  wash  hand-basins  and 
after  a  comfortable  and  refreshing  wash,  hang  up  their  hats 
and  proceed  through  a  vine  covered  pergola  to  the  dining  hall. 
The  dining  hall  is  bright  and  comfortable,  cool  in  summer 
and  warm  in  .winter.  Tables  are  provided  where  the  men 
are  accommodated  in  groups  of  six.  A  drinking  fountain  is 
placed  at  the  entrance  to  the  dining  room.  The  kitchen  is 
equipped  with  every  modern  labour-saving  device  including 
an  electric  dish-washing  machine,  vegetable  paring  machine, 
steam  heated  dish  warming  tables  and  a  large  bake  oven  and 
refrigerating  plant. 

In  addition  to  the  above  a  wash-house  or  change  room  is 
provided,  fitted  with  steel  lockers,  shower  baths  and  wash 
basins,  of  the  best  modern  lavatory  construction.  In  this 
room  the  workmen  wash  and  change  after  their  days  labour 
and  should  their  clothes  be  wet  a  special  drying  room  is 
provided. 

Nanoose  Wellington  Collieries  Ltd. 

Lantzville  colliery. 

This  colliery  is  situated  at  Nanoose  Bay,  about  9.5  miles 
north  of  Nanaimo.  The  Wellington  seam,  reached  by  a  shaft 
133  ft.  deep,  is  found  to  be  of  variable  thickness,  containing 
several  layers  of  rock  and  overlain  by  cap-rock.  As  at  the 
other  mines  the  Pillar  and  Stall  method  of  mining  is  used 
where  the  seam  is  thick  and  the  Longwall  method  where  the 
seam  is  thin.  The  coal  is  generally  mined  by  hand,  broken 
down  with  explosives  and  loaded  into  one  ton  cars  which  are 
gathered  by  horses.  An  electric  hoist  takes  the  cars  to  the 
shaft  bottom  and  a  ventilation  slope  is  used  as  a  travelling 
way  for  the  workmen. 

The  power  plant  consists  of  three  boilers  of  360  total  h.p. 
for  operating  two  compressors,  that  supply  air  to  the  hoists 
and  pumps  underground,  and  a  steam-driven  150  k.w.  generator 
supplying  electric  current.  The  main  hoist  is  operated  by 
steam.  The  electric  power  is  used  for  the  underground  hoist, 
the  screening  and  washing  plant,  as  well  as  the  conveyor 
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attached  to  the  storage  pocket.  Ventilation  is  secured  by  a 
small  fan  of  the  (iuibal  type  which  delivers  about  22,000 
CU.  ft.  of  air  per  minute  for  65  men  and  8  horses. 

The  mine  has  generally  been  found  free  of  gas,  and  the 
workmen  use  electric  mine  lamps,  while  the  officials  use  the 
Wolf  safety-lamp. 

The  production  of  coal  in  1921  was  32,500  tons  of  which 
11.7  per  cent  was  exported.  During  that  year  the  mine  gave 
employment  to  248  employees,  197  men  working  underground 
and  51  on  the  surface.  The  greater  part  of  the  output  is 
shipped  by  water,  the  coal  being  loaded  into  two  ton  cars 
and  hauled  by  an  endless  rope  to  the  wharf.  While  a  large 
number  of  the  workmen  reside  in  Nanaimo  and  are  taken  to 
and  from  work  by  means  of  a  jitney,  the  company  have  built 
about  twenty-six  houses  convenient  to  the  colliery  and  more 
houses  are  to  be  provided  at  an  early  date. 

Pacific  Coast  Coal  Mines,  Ltd. 

The  properties  of  the  Pacific  Coast  Coal  Mines,  Ltd.,  are 
situated  at  Morden,  about  two  miles  from  south  Wellington, 
and  at  Suquash  twelve  miles  north  of  Alert  bay.  Neither 
of  these  collieries  have  been  producing  coal  for  the  past  few 
years,  the  company  having  been  in  litigation  over  the  owner- 
ship of  the  properties. 

Morden  colliery. 

At  the  Morden  mine  two  shafts  have  been  sunk,  one  655 
ft.  deep,  the  other  630  ft.,  to  the  Douglas  seam.  A  very  fine 
head-frame  74  ft.  high,  of  re-inforced  concrete,  has  been 
erected  and  self  dumping  cages  are  installed  in  the  hoisting 
shaft,  the  deeper  of  the  two.  The  other  shaft  is  used  as  a 
reserve,  or  emergency  shaft,  for  the  escape  of  the  workmen, 
in  the  event  of  a  break-down  in  the  regular  hoisting  shaft. 
The  second  shaft  is  also  used  for  ventilation  purposes.  The 
coal  seam  possesses  the  usual  characteristics  of  the  Douglas 
seam,  irregular  in  both  thickness  and  quality,  and  was  mined 
by  the  same  methods  adopted  at  the  other  collieries  in  the 
district. 

The  power  plant  consists  of  three  boilers  of  a  total  450 
h.p.  providing  steam  for  the  hoisting  engines,  compressors 
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and  electrical  equipment.  A  standard  gauge  railway,  seven 
miles  long,  connects  the  mine  to  Boat  harbour,  where  wharves 
and  storage  are  provided.  This  shipping  point  is  capable  of 
accommodating  large  ocean  going  steamers. 

Suquash  colliery. 

At  Suquash,  no  coal  has  been  produced  for  some  time, 
but  underground  maintenance  has  been  kept  up  to  hold  the 
mine  in  condition  for  shipping.  The  seam  is  about  6  ft.  thick 
and  the  coal  is  of  an  excellent  quality,  being  very  hard  and 
practically  smokeless.  One  shaft  170  ft.  deep  has  been  sunk 
to  this  seam.  The  intention  for  the  future  is  to  drive  a  slope 
which  is  to  be  equipped  with  endless  rope  haulage  to  handle 
the  expected  output  of  coal.  A  railway  is  to  be  built  from 
the  mines  to  tide-water  and  a  number  of  other  improvements 
are  in  view. 

The  power  plant  consists  of  three  boilers,  with  a  total 
capacity  400  h.p.,  hoisting  engines,  electric  lighting  plant  and 
a  steam  driven  Sheldon  fan. 

East  Wellington  Coal  Co. 

The  East  Wellington  colliery  is  situated  about  two  miles 
from  Nanaimo.  A  shaft  600  ft.  deep  has  been  sunk  to  the 
Wellington  seam,  but  no  work  has  been  undertaken  for  the 
past  few  years.  Two  steam  boilers  with  a  capacity  of  200  h.p. 
have  been  installed  together  with  two  small  compressors  and 
a  hoisting  engine.  A  ventilating  fan  with  a  capacity  of  about 
5,000  cu.  ft.  of  air  per  minute  and  a  large  water  tank  is  included 
in  the  equipment. 

King  and  Foster. 

Messrs.  King  and  Foster  have  recently  opened  the  old 
Audit  mine,  formerly  operated  by  R.  Dunsmuir  &  Son,  on 
the  original  Wellington  seam.  This  mine  was  opened  in  1868 
but  abandoned  on  account  of  the  thinness  of  the  coal  seam. 
The  present  method  of  working  is  by  Longwall.  Two  openings 
have  been  made  and  the  production  of  coal  for  the  year  1921 
was  a  little  over  4,000  tons,  which  gave  employment  to  about 
twelve  men.  The  plant  is  small,  consisting  of  one  vertical 
boiler  operating  the  hoist  and  a  gasolene-driven  ventilating  fan. 
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Canadian  Collieries  (Dunsmuir)  Ltd. 

Wellington-Extension, 

The  Extension  colliery  is  owned  and  operated  by  the 
Canadian  Collieries  (Dunsmuir)  Ltd.  This  company  have 
controlled  these  mines  since  1911  when  the  Dunsmuir  family 
transferred  their  interests  and  retired  from  participation  in 
the  coal  industry  —  which  they  had  dominated  for  nearly 
sixty  years. 

The  present  mines  are  all  situated  at  Extension  in  the 
Cranberry  district  and  are  connected  to  Oyster  harbour,  at 
Lady  smith,  by  the  Wellington  Colliery  Railway,  over  which 
the  entire  output  of  the  mines  is  shipped.  The  colliery  consists 
of  four  mines,  Nos.  1,  2,  3  and  4,  the  first  three  being  situated 
on  the  southwest  limb  of  the  Extension  anticline  while  No.  4 
is  on  the  northeast  limb.  The  No.  1,  2  and  3  mines  were 
opened  from  the  outcrop,  but  have  now  been  connected  at 
depth  by  a  cross-cut  tunnel,  over  a  mile  in  length.  This 
cross-cut  is  also  driven  into  the  No.  2  seam  for  about  one 
and  a  half  miles  and  proceeds  for  half  a  mile  into  the  No.  3 
seam.  All  of  the  mines  are  working  the  Wellington  seam, 
which  varies  in  thickness  from  2  to  6  ft.,  and  is  very  much 
broken  by  folding  and  overlapping  faults. 

The  coal  is  mined  by  hand  and  broken  with  explosives, 
then  loaded  into  cars,  which  are  collected  by  horses  and  hoisted 
by  electric-hoists  to  the  main  level.  The  cars  are  taken  by 
an  electric  locomotive  to  the  tipple.  The  method  of  mining 
is  either  Longwall  or  Pillar  and  Stall  according  to  the  thickness 
of  the  seam.  Ventilation  is  secured  by  electric-driven  fans 
of  the  Murphy  type.  Nos.  1  and  2  seams  are  ventilated  by 
one  fan,  while  No.  3  seam  is  ventilated  by  a  separate  fan. 
Each  fan  is  capable  of  delivering  about  60,000  cu.  ft.  of  air 
per  minute. 

A  considerable  amount  of  water  is  made  in  these  mines 
and  is  handled  by  electric-driven  pumps  with  a  capacity  of 
650  gallons  per  minute  against  a  head  of  250  ft. 

The  No.  4  mine  is  situated  about  one  and  a  half  miles 
from  the  cross-cut  tunnel  which  serves  Nos.  1,  2  and  3  mines. 
Work  in  the  No.  4  mine  was  discontinued  at  the  end  of  1917 
and  it  has  not  been  re-opened.    The  character  of  the  coal 
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seam,  methods  of  work  and  other  conditions  at  this  mine  were 
very  similar  to  the  other  mines. 

The  Extension  mines  are  generally  free  from  dangerous 
gases  and  electric  lamps  are  used  by  the  workmen,  the  officials 
using  Wolf  safety-lamps. 

The  loaded  coal  cars  on  arrival  at  the  tipple  are  handled 
by  a  Phillips  cross-over  dump,  unloading  the  coal  to  a  feed 
belt  delivering  to  the  shaking  screen  which  separates  the 
lump  from  the  small  coal.  The  lump  coal  passes  to  the 
picking  table  where  foreign  material  is  eliminated,  and  is  then 
loaded  in  railway  cars.  The  slack  or  small  coal  is  loaded  in 
railway  cars  and  shipped  to  the  washer  at  Ladysmith.  All 
the  coal  is  hauled  over  the  Wellington  Colliery  Railway  to 
Ladysmith  where  it  is  either  loaded  on  ships  or  in  box  cars 
which  are  then  transferred  on  barges  to  mainland  points. 
Three  washers,  with  a  capacity  of  about  900  tons  of  coal  per 
day,  are  situated  at  Ladysmith. 

Two  separate  power  installations  are  maintained,  one  at 
Ladysmith  for  the  washers  and  loading  station  and  the  other 
at  the  mines.  The  power  for  the  washers  is  derived  from  a 
Pelton  wheel  operating  a  40  k.w.  240  volt  generator,  which 
supplies  electric  power  for  the  washer  and  lighting  for  both 
the  docks  and  the  plant.  The  plant  at  the  mine  consists  of 
four  return  tubular  boilers  of  652  combined  h.p.  furnishing 
power  for  three  250  volt  d.c.  generators. 

During  1921  the  output  of  coal  from  Extension  mines  was 
205,199  tons,  of  which  38,200  tons  was  lost  in  washing,  or 
about  18  per  cent.  The  mines,  in  that  year,  gave  employment 
to  655  men,  475  being  used  underground  and  180  on  the  surface. 

South  Wellington  colliery. 

This  mine,  situated  about  five  miles  from  Nanaimo,  on 
the  Esquimalt  and  Nanaimo  Railway,  is  the  property  of  the 
Canadian  Collieries  (Dunsmuir)  Ltd.  Two  slopes  have  been 
driven,  from  the  outcrop,  on  the  Douglas  seam  at  an  angle 
of  10  degrees,  and  have  penetrated  a  distance  of  3,000  ft. 
The  seam  is  very  much  disturbed,  faults  and  "wants"  are  of 
frequent  occurrence  and  necessitate  the  same  methods  of 
working  described  for  the  other  mines.  Explosives  are  used 
for  breaking  the  coal  while  horses  and  air  hoists  are  employed 
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for  gathering  it  underground.    The  main  slope  hoist  is  steam- 
driven. 

Ventilation  is  supplied  by  an  8  ft.,  electric-driven,  Stine 
fail  which  supplies  about  80,000  cu.  ft.  of  air  per  minute  for 
100  men  and  7  horses.  Power  is  derived  from  three  steam 
boilers  with  a  total  capacity  of  480  h.p.,  supplying  power  to 
one  250  volt  112  k.w.  d.c.  generator,  one  Sullivan  air  com- 
pressor, one  steam-driven  hoist,  and  one  supply  pump. 

The  tipple  consists  of  a  revolving  dump  and  shaker  screens 
where  the  slack  is  separated  from  the  lump  coal.  The  lump 
coal  is  carefully  picked  before  being  loaded  for  market  and 
the  slack  is  shipped  to  the  washer  at  Lady  smith.  The  mine 
buildings  include  the  usual  machine,  carpenter,  car,  and  repair 
shops  and  offices. 

The  output  of  coal  for  1921  was  90,595  tons  giving  employ- 
ment to  207  men  underground  and  52  above-ground.  Of  the 
total  coal  production  26,291  tons  or  29  per  cent  was  lost  in 
washing. 

Com  ox  collieries. 

The  Comox  collieries  are  situated  in  the  Comox  district 
about  17  miles  from  Union  bay.  These  were  formerly  the 
Union  Mines  of  the  Wellington  Colliery  Co.,  but  are  now 
owned  by  the  Canadian  Collieries  (Dunsmuir)  Ltd. 

The  Wellington  Colliery  Railway,  about  20  miles  long, 
connects  the  collieries  with  Union  bay,  where  shipments  are 
loaded  for  the  mainland.  At  Union  bay,  where  the  coke  ovens 
are  situated,  all  the  coal  is  washed  and  sized. 

The  Comox  collieries  are  the  only  mines  at  present 
operating  in  this  portion  of  the  Vancouver  Island  coalfield, 
on  the  western  edge  of  the  Cretaceous  lowlands.  This  coal- 
field is  estimated  to  have  an  area  of  about  18  square  miles. 
The  coal  seams  of  the  district  possess  the  same  pinching, 
swelling,  and  rolling  characteristics  of  the  Nanaimo  coal  seams, 
but  to  a  somewhat  less  extent.  Large  " wants",  due  to  silting, 
are  even  more  frequent  than  in  the  Nanaimo  district,  and 
many  of  the  lower  seams  are  frequently  cut  by  the  underlying 
volcanics.  The  Comox  formation  consisting  of  a  white  or 
grayish  white  sandstone  contains  about  10  seams  of  coal. 
These  vary  from  2  in.  to  8  ft.  in  thickness  but  only 
three    of     them,     considered     workable,     are    over    3    ft. 
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in  thickness.  Similar  to  conditions  in  the  Nanaimo  district 
troublesome  faults  and  barren  portions  of  ground  have  seriously 
retarded  the  development  of  the  mines. 

Eight  mines  have  been  opened  and  worked,  at  one  period 
or  another,  and  of  these  only  two,  No.  4  and  No.  5  are  at 
present  in  operation.  No.  4  mine  located  at  the  east  end  of 
Comox  lake,  about  three  miles  from  the  city  of  Cumberland, 
is  the  largest  mine  in  the  district.  The  mine  is  entered  by 
slopes,  the  main  slope  being  driven  on  the  seam  at  an  angle 
of  about  8  degrees.  One  branch  of  this  slope  is  driven  for  a 
distance  of  7,000  ft.,  while  another  branch  is  driven  for  9,000  ft. 
The  coal  being  worked  is  the  upper  bench  of  the  lower  seam 
which  varies  in  thickness  from  3  to  7  ft. 

The  method  of  mining  is  adapted  to  the  thickness  of  the 
seam,  either  Pillar  and  Stall  or  Longwall.  The  coal  is  mined 
by  hand  and  electric  driven  coal  cutting  machines;  loaded  in 
cars  which  are  gathered  by  horses  and  small  hoists  to  the 
main  incline  and  hoisted  by  a  large  electric-hoist  to  the  tipple. 
Ventilation  is  produced  by  two  fans  one  for  each  district; 
for  No.  2  district  a  Sullivan  fan  capable  of  delivering  180,000 
cu.  ft.  of  air  per  minute  and  for  No.  1  district  a  Sirocco  fan  of 
200,000  cu.  ft.  capacity. 

Owing  to  the  length  of  the  slopes,  the  workmen  are  brought 
out  of  the  mine  in  special  man-car  trips.  To  the  man-car  is 
attached  a  safety  car  to  prevent  a  runaway  in  the  event  of 
the  rope  breaking. 

The  No.  5  mine  is  situated  about  a  mile  from  the  city  of 
Cumberland.  Two  shafts  280  ft.  deep  have  been  sunk  to 
reach  the  upper  seam  of  coal  which  is  being  worked  at  present. 
The  upper  seam,  like  the  lower,  varies  from  2  ft.  6  in.  to  7  ft. 
in  thickness  while  the  pitch  varies  from  horizontal  to  about 
6  degrees. 

The  method  of  working  varies  according  to  the  thickness 
of  the  seam  and  the  coal  is  generally  mined  by  coal  cutters 
of  the  Sullivan  type,  undercutting  to  a  depth  of  6  ft.  The 
coal  is  blasted  down,  loaded  by  miners  and  helpers  in  cars 
which  are  gathered  by  horses;  then  taken  by  small  electric 
hoists  and  locomotives  to  the  shaft.  An  electric  hoist  is  used 
for  the  main  hoisting  shaft  from  which  the  cars  are  delivered 
to  the  tipple. 
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A  Sullivan  ventilating  fan,  driven  by  an  electric  motor, 
provides  about  165,000  cu.  ft.  of  air  per  minute. 

The  coal  at  both  No.  4  and  No.  5  mines  is  screened  at 
the  mine  into  lump  and  slack  sizes.  The  lump  coal  is  picked 
before  being  loaded  into  railway  cars  for  shipment  while  the 
slack  is  taken  to  the  washer  at  Union  bay.  The  No.  6,  No.  7 
and  No.  8  mines  have  not  been  worked  during  the  past  two 
years. 

In  both  the  Comox  mines  in  operation  at  Cumberland 
electric  lamps  are  used  by  the  workmen  and  Wolf  safety-lamps 
by  the  officials.  Permitted  explosives  are  used,  under  the 
supervision  of  certificated  officials.  The  usual  shops  are 
maintained  at  each  colliery  and  large  machine  and  repair 
shops  at  Union  bay. 

The  coal  from  the  mines  is  shipped  to  Union  bay  and 
treated  in  a  washer  of  the  Robinson  type  and  sized,  then 
distributed  to  the  several  storage  pockets.  Coke  was  formerly 
made  at  the  Union  bay  ovens  but  these  have  not  been  in 
regular  operation  for  many  years  on  account  of  the  poor 
market  for  coke.  The  coal  from  the  Comox  district  is  more 
suitable  for  coking  than  that  of  the  Nanaimo  district  being 
a  high  carbon  bituminous  fuel  of  the  following  analysis: 


District 

Moisture 
Per  cent 

Vol. 
Matter 
Per  cent 

Fixed 

Carbon 
Per  cent 

Ash 
Per  cent 

Sul. 
Per  cent 

British 
Thermal 
Units  per 

pound 

No.  4  Comox  .  .  . 
lower  seam 

31.6 

56.5 

11.9 

1.79 

12,870 

No.  7  Comox  .  .  . 
lower  seam 

1.0 

30.2 

57.8 

12.0 

1.91 

13,010 

The  output  of  coal  in  1921  from  the  Comox  colliery 
amounted  to  440,686  tons,  of  which  67,856  tons  or  15  per 
cent  was  lost  in  washing.  Of  the  total  output  4.4  per  cent 
was  exported  to  the  United  States.  The  mines  gave  employ- 
ment to  822  workmen  underground  and  499  on  the  surface. 

All  the  power  used  at  or  in  connection  with  the  Comox 
mines  of  the  Canadian  Collieries  (Dunsmuir)  Ltd.,  is  obtained 
from  their  own  hydro-electric  plant  situated  on  the  Puntledge 
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river  and  is  delivered  to  the  mines  and  shipping-point  by 
30  miles  of  transmission  lines.  The  hydro-electric  plant 
contains  two  Francis  turbines,  each  of  6,000  h.p.,  direct  con- 
nected to  4,000  k.w.,  13,200  volt,  three-phase,  25  cycle, 
generators.  This  power  plant  was  commenced  in  1912  and 
power  was  being  delivered  in  the  following  year. 

Assuming  the  area  of  the  Comox  coalfield  to  be  about 
18  square  miles  and  with  the  total  thickness  of  coal, 
at  present  considered  workable,  we  have  a  total  reserve  of 
about  110  million  tons. 


Plate  No.  2 

Puntledge  River  Power  House,  Cumberland,  B.C. 


Of  the  area  of  the  Suquash  coalfield  very  little  is  known. 
Prospecting  work  has  so  far  shown  that  the  seams  have  a 
great  number  of  partings  running  through  them  and  also  that 
the  seams  are  very  thin.  A  conservative  estimate  would 
place  the  available  resources  of  coal  in  this  field  at  about 
50  per  cent  of  the  resources  of  the  Comox  field. 

The  total  reserves  of  coal  in  Vancouver  Island  coalfields 
may  be  tabulated  as  follows: 

Nanaimo  field 1,340,000,000  tons 

Comox  field 110.900,000  tons 

Suquash 55,000.000  tons 

Total 1,500000,000  tons 
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The  Vancouver  [stand  coalfields  have  suffered  to  some 
extent  from  the  irregular  thickness  of  the  seams  and  the 
quality  of  the  coal.  As  the  industry  developed  the  quality 
was  improved  to  a  .meat  extent  by  better  preparation  of  the 
coal  at  the  collieries.  With  the  assistance  of  the  geologist 
and  by  persistant  drilling  and  prospecting  the  irregular  thick- 
ness and  faulting  of  the  seams  have  also,  to  some  extent, 
been  overcome. 

Probably  the  greatest  difficulty  has  been  to  obtain  and 
maintain  markets  to  ensure  a  steady  production  and  to  encour- 
age the  extension  of  the  industry.  In  this  regard  it  should 
be  noted  that,  in  1897,  the  total  output  of  coal  from  Vancouver 
Island  was  892,300  tons  of  which  619,860  tons  or  almost  70 
per  cent  was  exported.  In  addition  14,528  tons  of  coke  were 
made  of  which  2,573  tons  were  exported.  During  1921,  the 
total  production  of  coal  from  the  Island  of  Vancouver  was 
1,625,902  tons  of  which  290,713  tons  or  only  18  per  cent  was 
exported.  This  shows  that  the  export  trade  has  lost  consider- 
able ground,  although  latterly  the  better  preparation  of  the 
coal  has  assisted  in  developing  a  better  domestic  market  to 
offset  the  loss  in  export  trade.  In  this  connection  it  is  interest- 
ing to  note  the  difference  between  the  amount  of  coal  produced 
from  the  mines  and  the  amount  that  is  marketed.  During 
1921  about  341,439  tons,  or  18  per  cent  of  the  coal  mined, 
was  lost  during  preparation  and  this  loss  may  be  attributed 
chiefly  to  the  wTashers. 

The  introduction  of  fuel-oil  on  the  Pacific  coast  has 
probably  done  more  to  retard  the  development  of  the  Vancouver 
Island  coal  industry  than  anything  else  and  accounts  to  a  great 
extent  for  reduction  in  exports.  Fuel-oil  is  being  used  by  the 
railways  and  also  for  heating  and  power  purposes  on  the 
mainland  of  British  Columbia.  According  to  eminent  geolo- 
gists the  time  is  not  far  distant  when  the  use  of  oil  for  fuel 
purposes,  owing  to  depletion  in  oil  reserves,  will  be  strongly 
condemned  or  prohibited.  Notwithstanding  this  opinion  its 
use  is  spreading  to  such  an  extent,  that  it  is  displacing  coal 
under  equal  conditions.  It  is  a  suicidal  policy  that  encourages 
the  importation  of  fuel-oil  into  the  province  of  British  Columbia, 
or  indeed  to  any  part  of  wrestern  Canada.  Vancouver  Island 
is  producing  annually  about  1,676,000  tons  of  coal  and  this 
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industry  gives  employment  to  about  5,000  workmen.  On  a 
conservative  estimate  the  importation  of  fuel-oil  is  displacing 
almost  a  million  tons  of  coal  the  production  of  which  would 
give  employment  to  about  another  3,000  workmen.  This  is  a 
very  heavy  price  to  pay  for  the  convenience  of  using  imported 
fuel-oil  and  should  be  a  matter  of  concern  not  only  to  the 
mining  industry  but  to  every  citizen  interested  in  the  develop- 
ment of  the  country. 

nlcola-slmilkameen  coalfield  (including  the 
Chu-Chua  District). 

The  Nicola-Similkameen  coalfield  is  situated  in,  what  is 
called,  the  southern  interior  portion  of  British  Columbia.  The 
coalfield  is  widely  scattered  and  broken.  The  Nicola  district 
includes  the  watersheds  of  the  Nicola  and  Coldwater  rivers. 
The  Similkameen  district  (generally  known  as  the  Princeton 
district)  includes  the  watersheds  of  the  Similkameen  and 
Tulameen  rivers.  The  Chu-Chua  district  is  situated  about 
55  miles  north  of  the  city  of  Kamloops,  on  the  east  side  of  the 
North  Thompson  river,  and  covers  both  sides  of  Newhykulston 
creek. 

Nicola  District. 

The  principal  coal  mining  centre  in  this  district  is  the 
city  of  Merritt  and  while  four  different  companies  have  opened 
mining  properties,  at  one  time  or  another,  the  only  two  in 
operation,  at  present,  are  the  Middlesboro  Collieries  Ltd., 
successors  to  the  Nicola  Valley  Coal  &  Coke  Co.,  and  the 
Fleming  Coal  Co.,  successors  to  the  Inland  Coal  &  Coke  Co. 

According  to  Camsell  there  are,  in  this  district,  two  basins 
of  Oligocene  rocks  occupying  depressions  in  the  Triassic  traps 
of  the  Nicola  series.  The  Triassic  rocks  consist  of  folded  and 
metamorphosed  volcanic  flows  with  which  are  found  lime- 
stones and  argillites.  Resting  unconformably  on  the  Triassic 
series  are  the  coal  bearing  Oligocene  rocks  consisting  of  sand- 
stones, conglomerates,  shale  and  coal,  which  are  overlain  in 
places  by  more  recent  basaltic  flows.  Similar  to  other  Oligocene 
areas,  in  British  Columbia,  these  rocks  are  believed  to  have 
been  deposited  in  a  lake  basin  and  subsequently  elevated  to 
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their  present  position.  The  depression  in  the  pre-Tertiary 
surface,  which  was  partially  filled  by  the  Oligocene  deposits 
of  the  Nicola  basin,  is  irregular  in  outline  and  through  this 
depression  the  Nicola  river  and  its  tributaries  have  eroded 
their  valleys. 

The  larger  and  deeper  of  the  two  basins,  extends  from 
Nicola  lake  a  short  distance  up  the  Cold  water  river,  and  is 
called  the  Nicola  basin.  Connected  to  it,  by  a  narrow  depres- 
sion, is  another  basin  lying  to  the  northwest,  through  which 
Ten-mile  creek  flows  to  join  the  Nicola  river. 

The  other  section  of  this  coal  area  lies  in  a  valley  tributary 
to  Nicola  lake,  to  the  east  of  the  Nicola  basin,  and  is  called 
the  Quilchena  basin.  In  this  coalfield  at  least  7  seams 
of  coal  have  been  exposed  on  the  eastern  slope  of  Quilchena 
creek. 

The  coals  mined  in  the  Nicola  valley  are  low  carbon 
bituminous  fuels  that  will  not  coke.  However,  they  do  give 
very  good  results  in  gas  producers  and  are  fair  steam  coals. 
The  following  analyses  will  give  some  idea  of  their  nature:* 


Seam 

Moisture 
Per  cent 

Vol. 
Matter 
Per  cent 

Fixed 
Carbon 
Per  cent 

Ash 
Per  cent 

Sul. 
Per  cent 

British 
Thermal 
Units  per 

pound 

No.  1  Mine 
Middlesboro 

4.4 

39.1 

46.4 

14.5 

1.19 

11,680 

No.  2  Seam 

Middlesboro 

4.8 

39.1 

46.8 

14.1 

1.20 

11,720 

The  surface  of  the  country  is  heavily  covered  with  drift, 
chiefly  clay,  with  areas  of  sand  and  gravel  in  many  places. 
The  deposits  of  coal  cover  the  level  portions  of  the  basin  and 
extend  to  the  higher  elevations  in  the  surrounding  hills.  The 
denudation  has  been  heavy  both  in  the  valleys  and  on  the 
hill  slopes.  While  Dawson  mentioned  the  existence  of  these 
coal  seams  in  the  report  of  his  preliminary  survey  in  1877  and 
1878,   it  was  not  until  1906  that  active  mining  operations 


*  "An  Investigation  of  the  Coals  of  Canada",  by  J.  B.  Porter,  and 
R.  J.  Durley. 
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commenced.  The  building  of  the  railway  from  Spence's 
Bridge,  on  the  main  line  of  the  Canadian  Pacific  Railway, 
commenced  in  1905  and  completed  in  1906,  gave  access  to 
this  coalfield. 

According  to  R.  W.  Ellis,  the  coalbasin  of  the  Nicola- 
Cold  water  area  is  about  10  miles  long  and  about  3  miles  wide. 
The  western  portion  of  the  basin,  between  the  forks  of  the 
Coldwater  river  and  the  volcanics  of  Ten-mile  creek  or  Lower 
Nicola,  is  about  5  miles  wide.  Its  length  in  a  northerly 
direction  along  the  creek  is  about  10  miles.  The  length  of 
the  Quilchena  basin  from  north  to  south  is  about  7  miles, 
while  its  maximum  width  is  apparently  about  2H  miles. 
Allowing  for  an  average  thickness  of  10  feet  of  workable  coal 
the  Nicola-Coldwater-Quilchena  coal  basins  should  have  a 
reserve  of  630  million  tons  of  coal  and  probably  considerably 
more. 

At  many  widely  scattered  points  the  sedimentary  rocks, 
composing  the  coal  basins,  rest  directly  upon  the  volcanics 
without  any  indication  of  overflows.  At  several  points  there 
are  well  indicated  lines  of  fracture,  which  have  evidently  been 
caused  by  movements  subsequent  to  the  period  of  deposition 
and  hardening  of  these  rocks  and  in  several  instances  the 
coal  seams  are  abruptly  broken. 

While  six  or  seven  different  companies  have  or  are  holding 
coal  areas  in  this  district,  only  two  are  now  operating:  the 
Middlesboro  Collieries  Ltd.,  and  the  Fleming  Coal  Co. 
Ltd.  The  Middlesboro  collieries  are  situated  1J^  miles 
south  of  the  forks  of  the  Coldwater  river  and  were 
originally  opened  in  what  is  called  coal  gully,  a  small 
ravine  where  the  best  natural  section  of  the  coal-bearing 
strata  occurs.  This  company  is  at  present  operating  four 
small  mines  on  the  No.  4,  No.  6,  No.  8,  and  No.  9  seams.  Most 
of  the  mines  have  been  opened  from  the  outcrop,  the  thickness 
of  the  seams  varying  from  4  to  16"  ft.  and  lying  at  an  angle  of 
from  15  to  30  degrees. 

The  No.  4  mine  was  opened  through  the  No.  5  seam. 
A  cross-cut  tunnel  from  No.  5  seam  was  driven  across  the 
measures  cutting  No.  4,  No.  6,  and  No.  8  seams  in  turn  and 
at  present  the  coal  from  these  seams  is  taken  out  through 
No.  4  mine. 
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All  of  the  mints  are  worked  on  similar  lines,  the  coal 
in  the  majority  of  cases  being  mined  by  hand.  If  very  hard 
coal  is  encountered  cutting  machines  of  the  post-puncher  type 
are  employed  and  the  coal  is  then  blasted  down  with  permitted 
explosives,  under  the  supervision  of  certificated  officials. 

In  the  raises  and  in  places  where  driving  is  up-hill  on  full 
pitch,  the  coal  is  run  through  chutes  and  loaded  at  the  levels. 
In  places  between  these  chutes,  a  small  dump  car  is  used  in 
which  the  coal  is  loaded  and  tramed  out  to  the  nearest  chute. 
Compressed  air  or  steam-hoists,    situated  at  the  tops  of  the 


Plate  No.  3 

Tipple  of  The  Middlesboro  Collieries  Ltd.,  Middlesboro,  B.C. 

slopes,  pull  the  loaded  cars  to  the  surface.  At  certain  mines, 
which  are  situated  above  the  level  of  the  tipple,  hoists  are 
employed  to  lower  the  coal  to  the  tipple. 

Considerable  trouble  from  excessive  and  extensive  faulting, 
which  frequently  cuts  the  coal  seams  out  altogether,  has  been 
experienced  in  all  of  the  mines  in  this  district.  Faulting 
appears  to  increase  with  the  depth  of  the  seams  in  the  formation. 
The  quality  of  the  coal  also,  so  far  as  is  known  at  present,  seems 
to  deteriorate  with  depth.  In  an  effort  to  relieve  this  condition 
a  great  amount  of  prospecting  work,  consisting  of  small  rock 
tunnels  and  diamond  drilling,  is  carried  on,  making  the  cost 
of  producing  the  coal  very  heavy. 


Coal  Mining  in  British  Columbia — Strachan      99 

The  coal  from  all  the  mines  operated  by  Middlesboro 
Collieries  Ltd.  is  brought  in  1^  ton  cars  to  a  common  tipple 
and  emptied  by  a  Phillips  cross-over  dump  to  the  shaking 
screens  for  sizing.  The  lump  coal  passes  to  picking  tables 
before  being  loaded  for  market.  The  slack  coal,  in  former 
times,  was  washed  but  this  has  been  discontinued  and  the 
latest  method  consists  in  sizing  and  picking  the  slack. 

The  power  plant  consists  of  four  return  tubular 
boilers  of  a  total  capacity  of  640  h.p.  supplying  steam  to 
drive  a  Canadian  Rand  compressor  providing  air  for  the  drills, 
pumps  and  mine  hoists.  The  electric  plant  consists  of  one 
75  k.w.  2,300  volt,  a.c.  generator  and  one  25  k.w.,  d.c.  generator 
for  lighting  the  colliery  and  the  houses  in  Middlesboro. 

The  only  other  mine  operating  in  this  district  is  the  Coal 
Hill  Colliery  of  the  Fleming  Coal  Company  Ltd.  This  colliery 
adjoins  the  Middlesboro  colliery,  and  is  mining  the  coal  seams 
between  that  colliery  and  the  outcrop.  Three  seams  have, 
at  one  time  or  another,  been  worked.  Some  of  these  have 
been  abandoned  because  the  coal  was  of  inferior  grade  or 
because  the  seams  extended  beyond  the  boundary  of  the 
property.  The  present  workings  are  on  the  No.  2  seam  which 
has  a  total  thickness  of  6  ft.,  including  bands  of  rock  or  bone 
of  varying  thickness,  and  4J^  ft.  of  clean  bright  coal.  The 
methods  of  mining,  haulage,  etc.,  are  similar  to  those  in  use 
at  the  Middlesboro  colliery  and  need  not  be  described. 
Ventilation  is  secured  at  all  of  these  mines  by  small  fans  which 
are  driven  either  by  compressed  air,  steam  or  electric  power. 
The  fans  vary  in  capacity  from  20,000  cu.  ft.  to  80,000  cu.  ft. 
of  air  per  minute. 

The  Coal  Hill  mine  is  situated  about  350  ft.  above  the 
level  of  the  valley,  the  loaded  mine  cars  being  lowered  to  the 
tipple  in  two  stages.  For  the  first  stage,  of  2,000  ft.,  by  main 
and  tail  rope  from  the  slope  entrance  to  the  top  of  the  gravity 
incline,  and  for  the  second  stage,  of  1,800  ft.,  by  a  gravity 
incline.  At  the  tipple  the  coal  is  screened  producing  both 
lump  and  slack  and  loaded  directly  into  railway  cars  or 
delivered  to  a  storage  pocket  until  required. 

The  mines  of  the  Middlesboro  Colliery  Ltd.  and  the 
Fleming  Co.  Ltd.  are  connected  with  the  Kettle  Valley  Railway 
and  through  this  road  to  the  Canadian  Pacific  and  Great 
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Northern  Railways.  A  considerable  amount  of  the  coal 
produced  is  used  by  these  railways  while  the  remainder  is 
absorbed  locally  and  by  the  Vancouver  market,  very  little 
being  exported.  This  district  has  suffered  to  some  extent 
from  the  competition  of  fuel-oil  on  the  main  line  of  the  Canadian 
Pacific  Railway.  Heavy  freight  rates  handicap  these  coals  in 
the  Vancouver  market  where  they  are  in  competition  with 
the  better  grades  of  Vancouver  Island  coals.  Probably  the 
lack  of  good  preparation  of  the  coal  has  added  to  the  difficulties 
in  securing  additional  markets  or  in  maintaining  the  markets 
where  coal  was  previously  sold. 

In  comparing  the  figures  of  annual  coal  production  from 
the  Nicola  Valley  it  may  be  noted  that,  in  1911,  a  certain 
colliery  produced  191,290  tons  of  coal  whereas  the  same 
colliery  in  1921  produced  only  67,792  tons  or  about  35  per 
cent  of  its  former  output.  Another  colliery  in  the  same 
district,  in  1913,  produced  114,000  tons  of  coal  whereas  in 
the  year  1921,  the  production  was  only  35,900  tons  or  about 
31  per  cent  of  its  former  output. 

SlMILKAMEEN   DISTRICT. 

This  section  of  the  Nicola-Similkameen  coalfield  is 
situated  at  the  junction  of  the  Similkameen  and  Tulameen 
rivers  and  extends  for  a  certain  distance,  up  stream,  on  both 
sides  of  each  river.  The  coal  area  is  generally  referred  to 
as  the  Princeton  district  being  in  the  vicinity  of  the  town 
of  Princeton,  formerly  known  as  Vermillion  Forks. 

According  to  Camsell,  the  Princeton  district  lies  in  a  part 
of  what  Dawson  has  called  the  great  interior  plateau  of  British 
Columbia  and  occupies  a  shallow  depression  which  was  formerly 
an  Oligocene  lake  basin.  The  principal  rocks  of  the  district 
are  flat  lying  sediments  of  Oligocene  age  resting  on  a  tilted 
Palaeozoic  basement.  They  include  sandstones,  clays,  shales, 
conglomerates  and  coal  seams,  and  contain  a  variety  of  fossil 
plants,  fossil  insects  and  fossil  fish.  These  rocks  are  overlain 
by  volcanic  flows  of  andesite,  basalt,  and  fragmental  material. 
Lambie  has  correlated  the  lignite  beds  of  the  Princeton  district 
with  the  Coldwater  group  of  Nicola  lake,  and  similar  beds, 
and  as  a  result  of  his  investigations  they  have  all  been  referred 
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to  Oligocene  age.  Though  these  beds  are  of  the  same  age  as 
the  Cold  water  group,  in  the  Nicola  country,  there  is  a  difference 
between  the  quality  of  the  coal  contained  in  each.  The  Nicola 
coal  being  nearer  a  true  bituminous  fuel  whereas  the  Princeton 
seams  are  sub-bituminous  coals  containing  less  fixed  carbon 
and  more  water. 

Some  of  the  Princeton  coal  seams  are  only  in  the  primary 
stage  of  formation  and  exhibit  the  brown  woody  fibre  of 
slightly  altered  vegetable  remains.  A  few  of  the  coal  seams 
have  been  completely  destroyed  by  combustion.  Dawson  has 
attributed  the  metamorphism  and  colour  of  the  rocks  at 
Vermillion  bluffs  to  the  combustion  of  an  underlying  coal  seam. 

Analyses  made  of  a  picked  sample  of  the  Princeton  seam 
by  the  Dominion  Geological  Survey  gives  some  idea  of  this 
coal: 


Water 

Vol.  Matter 

Fixed  Carbon 

Ash 

3er  cent 

Per  cent 

Per  cent 

Per  cent 

16.17 

37.58 

41.67 

4.58 

16.00 

38.00 

42.00 

4.00 

The  area  of  Oligocene  rocks,  in  which  the  Princeton  coal 
seams  occur,  covers  about  forty  square  miles.  A  drill  hole  put 
down  near  the  junction  of  the  Similkameen  and  Tulameen 
rivers  showed  35.7  ft.  of  coal  in  280  ft.  of  strata.  Another 
hole  put  down  1%  miles  further  up  the  Similkameen  river 
showed  only  11.5  ft.  of  coal  in  302  ft.  of  strata.  The  deepest 
hole  in  the  district,  sunk  about  two  miles  up  the  Similkameen 
river  from  Princeton,  showed  10.6  ft.  of  coal,  with  a  parting 
in  the  middle  of  the  seam,  in  a  1,000  ft.  of  strata.  Four  miles 
up  this  river  a  drill  hole  257  ft.  deep  showed  2.5  ft.  of  coal 
while  another  hole  near  the  south  end  of  the  basin,  at  Ashnola, 
penetrated  to  a  depth  of  398  ft.,  but  gave  no  indication  of 
workable  seams  and  only  a  few  bands  of  what  have  been  called 
in  the  records  ' 'coaly  shale".  Another  drill  hole  near  the 
western  edge  of  the  basin,  where  the  sediments  dip  under  the 
volcanics,  showed  50.5  ft.  of  coal  contained  in  17  seams, 
throughout  863  ft.  of  strata. 

Two  companies  are  operating  at  present  in  this  district, 
the  Princeton  Coal  and  Land  Co.  Ltd.  of  Princeton,  and  the 
Coalmont  Collieries  Ltd.  at  Coalmont. 
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The  Princeton  Coal  and  Land  Co.  Ltd.  are  operating  at 
two  points  on  the  right  hand  bank  of  the  Similkameen  river 
near  its  junction  with  the  Tulameen  river.  The  No.  1 
mine  has  been  developed  by  means  of  two  slopes  which  reach 
the  coal  about  200  ft.  from  the  mine  entrance.  These  slopes 
are  continued  for  a  distance  of  about  4,000  ft.  on  the  seam. 
The  seam  averages  about  20  ft.  in  thickness  and  pitches  at  ^n 
angle  of  10  degrees.  Mining  operations  have  been  confined 
to  the  upper  10  ft.  because  the  lower  portion  of  the  seam  is 
of  inferior  grade.  The  mine  was  developed  on  the  Pillar  and 
Stall  method,  coal  cutting  machines  of  the  post-puncher  type 
being  used.  After  the  mine  had  developed  to  the  point 
described  trouble  was  experienced  from  spontaneous  com- 
bustion of  the  coal  and  it  was  decided  to  extract  the  pillars 
and  retreat.  The  pillars  are  now  extracted  to  within  about 
1,500  ft.  of  the  mine  entrance  and  every  indication  points 
to  a  very  short  life  for  this  mine.  The  coal  is  of  the  nature 
of  lignite  and  the  employment  of  coal  cutting  machines  was 
intended  to  reduce  the  use  of  explosives  to  a  minimum  thus 
securing  the  greatest  possible  production  of  lump  coal  for 
domestic  fuel.  The  trouble  from  mine  fires  seems  to  be 
caused  by  the  crushing  of  small  pillars  of  coal  which  were 
easily  fired  under  conditions  of  limited  ventilation.  Even  at 
the  surface  of  the  mine,  where  fine  coal  has  been  piled  in 
heaps,  spontaneous  combustion  is  set  up  and  fires  in  the 
slack  piles  and  on  the  outcrop  of  the  seam  are  common.  The 
adoption  of  the  panel  system  with  quick  development,  followed 
by  the  rapid  extraction  of  the  pillars  and  sealing  off  the  panels, 
seems  the  only  safe  method  of  dealing  with  a  coalfield  of  this 
nature. 

The  haulage  is  very  simple  and  primitive  the  loaded  cars 
being  pushed  by  hand  to  the  slope  and  hoisted  to  the  tipple 
by  a  steam  engine. 

Ventilation  is  secured  by  a  small  fan  of  the  Guibal  type 
delivering  about  5,000  cu.  ft.  of  air  per  minute. 

Another  mine  is  being  opened  on  what  is  called  the  Gem 
seam  at  a  greater  elevation  than  the  No.  1  seam  and  at  a  point 
about  4,300  ft.  south  of  the  No.  1  mine.  This  mine  has  only 
been  opened  for  a  distance  of  about  100  ft.  and  at  present  is 
working  in  about  4  ft.  of  clean  coal. 
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The  surface  equipment  consists  of  a  tipple  provided  with 
a  rotary  dump  which  unloads  the  coal  to  a  2-in.  bar  screen 
which,  after  picking,  discharges  the  lump  coal  into  railway  cars. 
The  slack  falls  through  the  bars  to  a  shaking  screen,  with  a 
%-in.  mesh,  screening  it  into  small  sizes  which  are  also  picked 
before  being  loaded.  The  power  plant  consists  of  three  return 
tubular  boilers  with  a  total  capacity  of  200  h.p.,  a  Canadian 
Rand  compressor  which  provides  power  for  the  underground 
pumps,  hoists  and  coal-cutting  machines,  and  a  25  h.p.  steam 
hoist.  The  usual  machine,  car-repair,  and  carpenter  shops  are 
maintained,  as  well  as  lamp-room,  wash-house,  and  mine 
offices.  The  mine  is  connected  to  the  Kettle  Valley  and 
Great  Northern  Railways  over  which  the  coal  is  delivered  to 
the  local  markets  and  to  Vancouver  and  the  United  States. 
The  total  output  of  coal  during  1921  was  13,966  tons  of  which 
7  per  cent  was  exported. 

Coalmont  Collieries,  Ltd. 

The  Coalmont  colliery  is  situated  about  twelve  miles 
north  of  Princeton.  According  to  Camsell  this  mine  is  separat- 
ed from  the  Princeton  basin  by  a  broad  belt  of  volcanic  rocks. 
The  coal  occurs  in  a  small  basin  which  has  been  referred  to  by 
various  engineers  and  geologists  as  the  Tulameen,  or  the 
Granite  creek,  or  the  Collins  gulch  coal  basin. 

The  coal  basin  is  roughly  oval  in  shape  and  lies  on  the 
divide  between  Granite  creek  and  its  tributaries  and  the 
Tulameen  river.  Its  length  is  about  3  miles  and  its  greatest 
width  2.2  miles.  The  area  covered  by  the  coal  bearing  rocks 
is  about  3,700  acres  of  which  3.254  acres  are  supposed  to 
contain  coal.  About  1,070  acres  are  covered  with  a  flow  of 
volcanic  lava. 

The  oldest  rocks  in  the  Tulameen  district  are  those  of 
the  Tulameen  group  which  have  been  tentively  correlated  with 
the  Nicola  series  of  Triassic  age.  These  rocks  are  generally 
of  volcanic  origin  and  because  they  are  interstratified  with 
some  argilites  and  thin  beds  of  limestone  they  are  thought 
to  have  been  of  sub-marine  origin.  Resting  unconformably 
on  top  of  these  rocks  are  two  groups  of  conformable  strata 
which  are  referred  to  as  Oligocene  from  the  fact  that  they 
contain  plant  remains.  The  upper  of  these  two  groups,  con- 
sisting of  sediments,  is  made  up  of  sandstones,  shales,  con- 
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glomerates,  and  coal  seams  and  is  called  the  Coldwater  series 
being  correlated  with  similar  rocks  in  the  Nicola  district.  This 
series  is  essentially  sedimentary  in  origin,  consisting  of  strata 
that  were  originally  deposited  horizontally.  Subsequent  events 
have  so  altered  the  whole  series  that  it  now  consists  of  a 
synclinal  basin  with  its  longer  axis  in  a  northwesterly  direction. 

The  dip  of  the  sides  of  the  basin,  where  it  has  been 
measured,  varies  from  20  to  70  degrees,  with  an  average  of 
40  degrees,  gradually  decreasing  towards  the  centre  of  the 
basin.  The  total  thickness  of  the  coal  bearing  rocks,  measured 
in  a  section  along  Collins  gulch,  is  less  than  2,500  ft.  These 
can  be  divided  roughly  into  three  groups,  one  of  which  consists 
of  460  ft.  of  very  fine  shale  containing  the  principal  coal  seams. 

A  section  through  the  upper  and  lower  coal  horizon  is 
described  in  the  following  table.  From  the  top  to  the  bottom 
of  the  raise  in  No.  2  tunnel,  upper  coal  horizon. 

Feet  Inches 


23 
4 
2 
3 

0 
0 
1 
9 
4 
4 

Mostly  sandstone  with  thin  seams  of  coal 

Clay 

Dirty  coal 

Coal  with  clay  partings 

Clay 

Coal 

3 

Clay 

1 

1 

1 

7 

Dirty  coal 
Coal 

6 

2 
6 

Clay 
Clean  coal 

4 
1 
3 

6 
0 
0 

Coal  with  clay  partings 

Clay 

Coal 

1 
1 
5 

8 
9 
0 

Clay 

Coal  with  two  sandy  partings 

Clean  coal 

This  table  shows  that  there  is  altogether  24  ft.j  8  in.  of 
coal  and  that  14  ft.  6  in.  of  clean  workable  coal  is  included 
in  three  seams.  A  section  taken  through  the  lower  coal 
horizon  displays  5.5  ft.  of  clean  coal  under  4  ft.  of  dirty  coal, 
while  the  50  ft.  of  strata  above  contain  thin  seams  of  coal 
interbedded  with  clay  and  sand.  The  seam  being  mined  at 
the  Coalmont  colliery  averages  about  10  ft.  in  thickness,  and 
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is  one  of  four  seams  that  underlie  12  ft.  of  sandstone.     The 
total  thickness  of  coal  contained  in  all  of  the  seams  is  160  ft. 


District 

Moisture 
Per  cent 

Vol.  Matter 
Per  cent 

Fixed  Carbon 
Per  cent 

Ash 
Per  cent    * 

No.  1  Opening 

Granite  creek 

2.3 

33.1 

54.0 

12.3 

No.  2  Opening 

Granite  creek 

2.3 

32.4 

53.6 

14.0 

No.  3  Opening 

Granite  creek 

3.2 

32.1 

51.9 

16.1 

The  mines  being  operated  at  Coalmont  colliery  are  north 
of  Granite  creek  on  the  northwest  side  of  the  mountain;  at  an 
elevation  of  3,600  ft.  above  sea  level  and  1,600  ft.  above  the 
town  of  Coalmont  where  the  tipple  is  situated.  Two  mines, 
No.  2  and  No.  3  are  being  operated.  The  No.  3  mine  has 
been  opened,  on  the  strike  of  the  coal  seam,  for  a  distance  of 
about  3,250  ft.  The  seam  dips  at  an  angle  of  about  29  degrees 
and  the  coal  is  being  worked  to  the  rise  of  this  level. 

The  method  of  working  is  a  modification  of  Pillar  and  Stall, 
precautions  being  taken  to  lay  off  a  panel  system  to  ensure 
recovery  of  the  greatest  possible  amount  of  marketable  coal 
between  the  numerous  faults.  Headings  are  driven  up  the 
full  pitch  and  rooms  are  opened  off  these  and  connected  at 
intervals  with  cross-cuts.  The  coal  is  mined  by  hand  and 
when  necessary  blasted  with  permitted  explosives  under  the 
supervision  of  certificated  shot-firers.  The  coal  is  loaded  into 
small  dump  cars  which  are  trammed  out  and  dumped  into 
chutes.  From  the  bottom  of  these  chutes  the  coal  is  drawn 
into  mine  cars  which  are  built  similar  to  carrier  buckets,  for 
the  overhead  tram.  These  cars  are  carried  on  bogies  and  are 
drawn  by  horses  to  the  surface  in  trips. 

-Ventilation  is  produced  by  a  5  ft.   electric-driven  blower 
fan  capable  of  delivering  about  38,000  cu.  ft.  of  air  per  minute. 


*  Analyses  of  coal  from  the  Coalmont  collieries  were  made  by  J.  B. 
Porter  and  R.  J.  Durley  at  McGill  University. 
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This  mine  has  been  very  free  from  dangerous  but,  as 

required  by  the  Coal  Mines  Regulation  Act,  electric  lamps  are 
used  by  the  workmen  and  Wolf  safety-lamps  by  the  officials. 
The  coal  cars  from  No.  2  and  No.  3  mines  are  collected 
and  hauled  to  the  upper  terminal  of  the  overhead  rope  tramway. 
By  this  tramway  the  cars  are  transported  2y>  miles  to  the 


Plate  No.  4 

Tipple  of  The  Coalmont  Collieries  Ltd.,  Coalmont,  B.C. 

tipple  situated  on  the  Kettle  Valley  Railway  at  Coalmont. 
The  upper  terminal  of  the  tramway  is  1,320  ft.  above  the 
lower  terminal.  The  highest  point  on  the  tramway  is  4,150 
ft.  above  sea-level.  The  stationary  cable  on  the  empty  side 
of  the  tramway  is  lM-in.  in  diameter  and  on  the  loaded  side 
it  is  l^s-in.  in   diameter  while  the    hauling  cable  is  K-m.    in 
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diameter.    There  are  26    towers  supporting  the  tramway  be- 
tween the  upper  and  lower  terminals. 

The  mine  cars  of  one  ton  capacity  rest  on  a  bogie  and  on 
arrival  at  the  upper  terminal  are  lifted  by  a  compressed  air 
hoist  from  the  bogie  by  means  of  carrier  arms  to  an  overhead 
single  rail  connected  to  the  tramway.  A  similar  arrangement 
lowers  the  returning  empty  cars  to  the  bogie.  A  control  house 
situated  at  the  upper  terminal  contains  the  necessary  brake- 
levers,  switches  and  telephone.  The  tramway  is  equipped 
with  friction  brakes  and  a  50  h.p.  constant  speed  motor, 
running  at  640  r.p.m.  and  connected  by  belt  and  spur  gear 
to  the  return  grip  pulley,  keeps  the  tramway  running  at  a 
constant  speed.  The  motor  acts  as  a  brake  when  the  tramway 
is  running,  by  generating  power.  The  lower  terminal,  at  the 
tipple,  is  provided  with  automatic  detachers  and  attachers, 
the  buckets,  or  loaded  cars,  running  by  gravity  to  the  dump 
and  emptying  into  the  coal  chute.  From  this  chute  the  coal 
is  fed  to  a  Marcus  screen  which  at  present  provides  for  the 
making  of  three  sizes.  Each  car,  or  bucket  as  they  are  termed, 
makes  a  return  journey  in  \y±  hours  and  with  a  total  of  80 
buckets  on  the  tram  the  delivery  of  coal  to  the  tipple  is  at 
the  rate  of  about  60  tons  per  hour. 

The  main  power  plant,  situated  at  Coalmont,  consists  of 
two  water  tube  boilers  with  a  combined  capacity  of  500  h.p., 
serving  a  Corliss  engine  attached  to  a  three  phase  480  ampere, 
550  volt,  generator  running  at  150  r.p.m.  The  electric  current 
is  stepped-up  to  10,000  volts  and  transmitted  over  high  tension 
cables  to  transformers  at  the  mine  where  it  is  stepped-down 
to  550  volts  for  power  purposes  and  to  110  volts  for  lighting. 
A  75  h.p.  a.c.  motor  generator  set  is  used  for  the  trolley  loco- 
motive at  the  mine,  while  a  60  h.p.  a.c.  motor  is  used  for  driving 
a  compressor  providing  air  for  the  lift  at  the  upper  terminal 
and  for  auxiliary  ventilation  in  the  mine. 

A  large  house,  containing  36  rooms,  is  provided  at  the  mine 
for  the  accommodation  of  the  workmen.  This  house  is  steam 
heated,  equipped  with  electric  lights  and  is  connected  to  the 
wash  and  change  rooms  by  a  covered  passage.  The  wash-house 
is  also  equipped  with  steam  heat,  electric  light,  and  contains 
shower  baths,  wash-hand  basins,  lockers  and  lavatory  accom- 
modation.   A  large  dining  room  capable  of  seating  100  men 
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is  placed  near  the  rooming  house.  In  addition  there  are  a 
number  of  houses  for  the  married  employees,  both  at  the 
mine  and  at  the  tipple. 

The  production  of  coal  in  1921  was  63,344  tons  which 
were  shipped  over  the  Kettle  Valley,  the  Great  Northern, 
and  the  Canadian  Pacific  Railways.  Of  this  amount  43  per 
cent  was  exported  to  the  United  States.  The  total  output  of 
coal  in  1921  from  the  Princeton  district  was  77,310  tons  of 
which  28,397  tons  or  about  36  per  cent  was  exported  to  the 
United  States.  The  number  of  employees  engaged  both  above 
and  underground  was  170. 

The  total  coal  reserves  of  this  part  of  the  Nicola-Similka- 
meen  coalfield,  assuming  a  thickness  of  10  ft.  with  an  area 
of  40  square  miles  for  the  Princeton  district;  and  a  thickness 
of  20  ft.  with  an  area  of  3,254  acres  for  the  Coalmont  district, 
are  as  follows: 

Pnnceton  district 435,200,000  tons 

Coalmont  district 110,636,000  tons 

Total  reserves 545,836,000  tons 

Chu-Chua  District. 

The  Chu-Chua  colliery,  of  the  Chu-Chua  Coal  Mining 
Syndicate,  is  situated  about  55  miles  north  of  Kamloops  on 
the  north  fork  of  the  Thompson  river.  The  coal  outcrops 
in  the  gorge  of  Newhykulston  creek  about  %  of  a  mile  above 
its  outlet  into  the  North  Thompson  river. 

This  district  was  examined  by  Dawson  in  1877.  In  his 
report,  for  that  year,  he  gives  a  detailed  stratigraphical  section 
of  the  coal  measures,  correlating  them  with  the  Coldwater 
group  of  Oligocene  age.  Similarly  to  the  Nicola  and  Princeton 
districts  "the  Chu-Chua  formation  seem  to  have  been  deposited 
in  an  Eocene  lake  which  occupied  a  valley  co-extensive  with 
that  of  the  lower  portion  of  the  North  Thompson  river.  The 
sediment,  no  doubt,  extended  from  rim  to  rim  of  the  lake 
and  filled  it  to  a  depth  of  several  hundred  feet".  "Several 
coal  seams  occur  within  this  thickness."    According  to  Uglow* 


*The  Eocene  Coal  Basin  at  Chu-Chua    in  B.C.,  by  W.  L.  Uglow, 
Bulletin  C.I.M.M.,  August  1922. 
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the  country  was  tilted  at  an  angle  of  about  28  degrees  to  the 
east  after  the  deposition  of  the  sediments  and  after  erosive 
agencies  had  removed  part  of  the  coal  measures.  '  'Outpourings 
of  Miocene  lava  (hornblende  and  andesite)  covered  the  eroded 
surface  of  the  Chu-Chua  formation."  'These  lavas  are 
responsible  for  the  baking  and  induration  of  the  sediments, 
and  for  the  alteration  of  the  coal  from  a  lignite  to  that  of  a 
sub-bituminous."  "A  period  of  faulting  followed  that  of 
extrusion  and  the  tilted  sediments  and  overlying  lava-flows 
were  broken  by  a  series  of  strike  faults  parallel  to  the  trend 
of  the  North  Thompson  valley."  "Erosive  agencies,  acting 
since  the  Miocene,  have  removed  large  portions  of  the  Tertiary 
formation  leaving  only  a  few  remnants,  in  sheltered  re-entrants 
along  the  edges  of  the  valley  bottom.  The  Chu-Chua  basin 
constitutes  one  of  these  erosion  remnants." 

Collections  of  fossil  flora,  taken  from  various  portions  of 
the  field,  were  submitted  to  Professor  D.  W.  Berry  of  John 
Hopkins  University  who  states  that  these  are  of  middle  or 
upper  Eocene  age.  This  points  to  the  Chu-Chua  basin  being 
the  first  authentic  discovery  of  a  commercial  coal  basin  of 
Eocene  age  in  the  interior  of  British  Columbia. 

Within  a  stratigraphical  section  of  600  ft.  fourteen  coal 
seams  have  been  exposed  varying  in  thickness  from  4  to  45  ins. 
The  principal  seams  are  the  Thomas,  the  Smith  and  the  Gray. 
Both  the  Thomas  and  the  Smith  are  called  double  seams, 
possessing  two  portions,  which  vary  in  physical  characteristics 
within  very  short  distances,  along  the  beds. 

The  following  sections  show  in  detail  the  nature  of  the 
seams:* 


Thomas  "B"  Seam.  Thomas  "A"  Seam. 

Sandstone  roof Sandstone  roof 

Hard  black  coal 12  in.  Hard  lustrous  coal 8  in. 

Sandy  shale VA  "  Shale 2      " 

Hard  lustrous  coal 1  "  Coal 1}4  " 

Gray  sandstone 3  Shale 1 

Hard  black  coal 10  "  Coal iy2  " 

Sandstone 33^  "  Sandy  shale 2      " 

Coal 7  "  Coal 5      " 

Sandstone  floor 24  Sandstone  (Smooth)  floor 

Total  coal  30  inches  Total  coal  22  inches 
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The  Smith  seam  is  exposed  in  a  short  slope  and  a  section 
taken  at  the  mine  entrance  is  as  follows:* 

Massive  pebby  sandstone  roof 

Hard,  thinly  laminated  fairly  clean  coal 18  to  20  in. 

1  lard  massive  gray  sandstone 20  to  48    ' 

Shale  with  coaly  partings 6 

Coal  with  shale  partings 10 

Samples  taken  for  analysis  showed  as  follows:* 


Smith  seam 

Gray  seam 

Thomas  seam 

4.0 

3.7 

4.0 

24.0 

37.3 

22.1 

36.1 

29.4 

37.9 

35.9 

29.6 

36.0 

2.7 

0.6 

0.8 

0.99 

1.01 

0.95 

10,290 

8,230 

10,780 

Moisture,  per  cent 

Ash,  per  cent 

Volatile  Matter,  per  cent. 
Fixed  Carbon,  per  cent.  . 

Sulphur,  per  cent 

Fuel  ratio 

B.T.U.'s  per  pound 


"These  results  show  that  the  coal  should  be  classified  as 
a  low-grade  low-rank  bituminous,  or  as  a  low-grade  high-rank 
sub-bituminous. ' ' 

Two  mines  have  been  opened  at  the  Chu-Chua  colliery, 
the  first  in  the  top  seam,  where  two  adit  levels  have  been 
driven  on  the  strike  for  a  distance  of  about  300  ft.  The  coal 
is  about  3  ft.  thick  although  bands  of  rock  split  the  seam  at 
about  100  ft.  from  the  entrance.  Two  slopes  were  sunk  later, 
on  the  full  pitch,  for  a  distance  of  about  200  ft.  It  was  found 
that  while  there  was  no  material  increase  in  the  thickness 
of  the  seam,  there  was  a  marked  increase  in  the  thickness 
of  the  rock  band  with  the  result  that  these  slopes  were  aban- 
doned. About  600  ft.  below  the  No.  1  seam,  another  seam, 
called  the  Gray,  was  exposed.  A  drift  to  the  Gray  seam  proved 
that  it  was  about  5  ft.  4  in.  thick  with  from  6  in  to  12  in.  of. 
bone  coal  running  through  it.  All  of  the  present  workings  are 
on  this  seam,  the  coal  being  mined  with  coal  cutting  machines 
of  the  post-puncher  type,  on  a  Longwall  face.  The  coal  is 
blasted  down  with  explosives,  loaded  and  hauled  outside  by  a 
small  compressed  air-hoist,  and  unloaded  into  a  storage  pocket 

*The  Eocene  Coal  Basin  at  Chu-Chua  in  B.C.,  by  W.  L.  Uglow, 
Bulletin  C.I.M.M.,  August  1922. 
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from  which  it  is  drawn  and  hauled  to  the  railway  siding,  a 
distance  of  one  mile. 

The  power  plant  consists  of  one  44  h.p.  locomotive-boiler  r 
one  single  stage  air  compressor,  and  one  small  steam  driven 
electric  generator  for  lighting  purposes. 

The  market  for  this  coal,  so  far,  is  in  the  city  of  Kamloops 
and  adjoining  district.  A  small  shipment  of  200  tons  was 
made  to  the  United  States.  The  total  output  for  1921  was 
2,160  tons  of  which  275  were  consumed  under  the  colliery 
boilers.  The  mines  gave  employment  to  about  twenty  work- 
men. With  an  estimated  area  of  about  5  square  miles,  and  an 
average  thickness  of  10  ft.,  the  coal  reserves  of  this  field  may 
amount  to  about  54,000,000  tons. 

The  Nicola-Similkameen  coalfield  is  very  widely  scattered. 
It  is  composed  of  a  large  number  of  small  basins,  practically 
all  of  the  same  age,  which  have  been  altered,  broken  and 
changed,  by  volcanic  agencies.  This  may  explain  not  only  the 
separated  and  broken  condition  of  the  several  areas,  but  also 
the  difference  in  the  quality  of  the  coals,  which  vary  from  a 
lignite  in  one  district  to  sub-bituminous  in  another,  and  to 
true  bituminous  coals  in  a  third. 

During  1911,  1912  and  1913,  the  output  of  coal  from  this 
district  was  at  a  maximum  of  from  206,250  to  265,540  tons 
per  annum,  and  gave  employment  to  from  524  to  641  men. 

The  use  of  fuel-oil,  on  the  main  line  of  the  railways,  as 
well  as  in  the  city  of  Vancouver  has  seriously  curtailed  the 
production  of  bituminous  coal  from  these  fields.  Excessive 
freight  rates  to  outside  points  have  prevented  the  extension 
of  markets  in  other  directions.  As  other  new  mines  were 
developed  it  soon  became  a  necessary  matter  of  sharing  markets. 
During  the  above  mentioned  years  there  were  seven  collieries 
in  operation  in  this  district,  the  largest  of  which  was  the 
Middlesboro  colliery  of  the  Nicola  Valley  Coal  and  Coke  Co., 
now  the  Middlesboro  Collieries  Ltd.  At  the  present  time 
with  five  collieries,  including  the  Chu-Chua,  in  operation,  the 
annual  output  of  coal  for  the  whole  field  is  183,150  tons,  while 
the  mines  give  employment  to  about  465  employees. 

Situated  in  the  centre  of  the  province,  and  notwithstanding 
the  many  drawbacks  attached  to  the  working  of  the  seams, 
future  prospect  for  the  district  are  bright  if  proper  precautions 
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are  taken  to  prepare  the  coal  for  the  market.  Suggestions  have 
been  made  for  the  erection  of  by-product  ovens,  especially  in 
the  Nicola  district,  but  the  logical  course  to  persue  consists 
in  preparing  the  coal  properly  for  the  market.  The  slack  or 
tine  coal  could  be  used  in  or  near  the  large  populous  centres, 
where  advantage  could  be  taken  of  the  by-products  of  coking. 
According  to  eminent  geologists  the  use  of  oil  as  fuel  must 
decrease  sooner  or  later,  and  when  this  occurs  the  coals  of 
this  field  wrill  enjoy  larger  markets.  With  a  total  coal  reserve 
of  well  over  a  billion  tons,  which  considering  the  scattered  and 
disturbed  nature  of  the  measures  may  well  prove  to  be  a  very 
conservative  estimate,  this  coalfield  must  figure  largely  in  the 
future  development  of  the  interior  of  British  Columbia. 

Crow's  Nest  Pass  Coalfield. 

The  Crow's  Nest  Pass  coalfield  is  one  portion  of  the  great 
coalfields  that  are  situated  on  the  western  slope  of  the  Rocky 
Mountains.  These  fields  include  the  Upper  Elk,  Crown 
Mountain  and  the  Flathead  districts  and  are  the  most  extensive 
deposits  of  first  class  coal  on  the  Pacific  slopes,  between  Alaska 
and  Mexico.  The  deposits  have  been  formed  in  the  early 
Tertiary  and  in  several  divisions  of  the  Cretaceous  measures, 
and  represent  portions  of  the  great  plains  coal  bearing  basin. 
The  seams  are  found  in  the  Kootenay  formation,  at  the  base 
of  the  Cretaceous  near  beds  of  Carboniferous  and  Devonian 
strata,  and  are  exposed  only  in  and  near  the  Rocky  Mountains. 

The  faulting  and  uplifting  which  has  tilted  these  great 
limestone  beds  has  also  elevated  the  coal  measures.  Within 
the  mountain  ranges  the  measures  are  generally  found  in  long 
narrow  strips.  The  base  of  the  measures  is  generally  marked 
by  a  heavy  bed  of  sandstone  and  shale,  rich  in  coal  seams  and 
of  variable  thickness  in  different  parts  of  the  field.  The  top 
of  the  measures,  where  the  coal  is  found,  is  marked  by  coarse 
conglomerates  in  the  southern  area,  but  these  conglomerates 
become  finer  toward  the  north.  The  coal  bearing  rocks,  in 
several  places,  are  as  much  as  4,700  ft.  thick,  but  toward  the 
east,  where  they  enter  the  province  of  Alberta,  the  strata  is 
thinner. 

While  the  age  of  the  formation  and  the  thickness  of  the 
covering  beds  have  influenced  the  character  of  the  coal,  lateral 
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disturbances  and  pressure,  in  the  process  of  mountain  building, 
have  brought  about  great  changes.  The  coalfield  is  uniformly 
regular,  although  at  different  points  intrusive  rocks  have 
broken  it  into  different  sections.  A  rough  estimate  of  the 
extent  and  quantity  of  available  coal  in  the  known  portions 
of  the  fields  is  as  follows: — 


Coalfields 

Estimated  area 
in  square  miles 

Estimated  available 
quantity  in  tons 

Crow's  Nest  Pass 

Upper  Elk 

Flathead 

Crown  Mountain 

230 

140 

6 

2 

22,000,000,000 

14,000,000,000 

600,000,000 

200,000,000 

Total 

378 

36,800,000,000 

In  some  of  the  fields  11  to  25  seams  of  coal  have  been 
exposed.  An  overlapping  fault  in  one  of  the  fields  exposes 
47  seams  with  a  total  thickness  of  from  100  to  208  ft.  of  coal, 
of  which  100  ft.  is  estimated  as  workable. 

The  coal  is  a  high  grade  bituminous  fuel,  occasionally 
becoming  anthracitic.  The  majority  of  the  seams  furnish  a 
very  good  coking  coal  as  well  as  providing  an  excellent  steam 
fuel.  Some  idea  of  the  nature  of  these  coals  can  be  obtained 
from  the  following  analyses:* 


Vol. 

Fixed 

B.T.U.'s 

Mine 

Moisture 

matter 

carbon 

Ash 

Sul. 

per 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

pound 

Michel,  No.  3 

1.4 

24.8 

62.7 

12.5 

0.5 

13,270 

Michel,  No.  7 

1.9 

22.6 

65.5 

11.9 

0.4 

13,360 

Michel,  No.  8 

3.0 

24.1 

65.7 

10.2 

0.6 

13,480 

Coal  Creek,  No.  2  . 

2.2 

26.3 

64.7 

9.0 

0.5 

13,820 

Coal  Creek,  No.  5 . 

1.6 

24.0 

65.2 

10.0 

0.5 

13,480 

These  analyses  indicate  that  the  coals  of  the  Crow's  Nest 
coalfield  rank  high  among  the  best  coals  produced  in  the 

*  "An  Investigation  of  the  Coals  of  Canada",  by  J.  B.  Porter  and 
R.  J.  Durley. 
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are  taken  to  prepare  the  coal  for  the  market.  Suggestions  have 
been  made  for  the  erection  of  by-product  ovens,  especially  in 
the  Nicola  district,  but  the  logical  course  to  persue  consists 
in  preparing  the  coal  properly  for  the  market.  The  slack  or 
fine  coal  could  be  used  in  or  near  the  large  populous  centres, 
where  advantage  could  be  taken  of  the  by-products  of  coking. 
According  to  eminent  geologists  the  use  of  oil  as  fuel  must 
decrease  sooner  or  later,  and  when  this  occurs  the  coals  of 
this  field  will  enjoy  larger  markets.  With  a  total  coal  reserve 
of  well  over  a  billion  tons,  which  considering  the  scattered  and 
disturbed  nature  of  the  measures  may  well  prove  to  be  a  very 
conservative  estimate,  this  coalfield  must  figure  largely  in  the 
future  development  of  the  interior  of  British  Columbia. 

Crow's  Nest  Pass  Coalfield. 

The  Crow's  Nest  Pass  coalfield  is  one  portion  of  the  great 
coalfields  that  are  situated  on  the  western  slope  of  the  Rocky 
Mountains.  These  fields  include  the  Upper  Elk,  Crown 
Mountain  and  the  Flathead  districts  and  are  the  most  extensive 
deposits  of  first  class  coal  on  the  Pacific  slopes,  between  Alaska 
and  Mexico.  The  deposits  have  been  formed  in  the  early 
Tertiary  and  in  several  divisions  of  the  Cretaceous  measures, 
and  represent  portions  of  the  great  plains  coal  bearing  basin. 
The  seams  are  found  in  the  Kootenay  formation,  at  the  base 
of  the  Cretaceous  near  beds  of  Carboniferous  and  Devonian 
strata,  and  are  exposed  only  in  and  near  the  Rocky  Mountains. 

The  faulting  and  uplifting  which  has  tilted  these  great 
limestone  beds  has  also  elevated  the  coal  measures.  Within 
the  mountain  ranges  the  measures  are  generally  found  in  long 
narrow  strips.  The  base  of  the  measures  is  generally  marked 
by  a  heavy  bed  of  sandstone  and  shale,  rich  in  coal  seams  and 
of  variable  thickness  in  different  parts  of  the  field.  The  top 
of  the  measures,  where  the  coal  is  found,  is  marked  by  coarse 
conglomerates  in  the  southern  area,  but  these  conglomerates 
become  finer  toward  the  north.  The  coal  bearing  rocks,  in 
several  places,  are  as  much  as  4,700  ft.  thick,  but  toward  the 
east,  where  they  enter  the  province  of  Alberta,  the  strata  is 
thinner. 

While  the  age  of  the  formation  and  the  thickness  of  the 
covering  beds  have  influenced  the  character  of  the  coal,  lateral 
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disturbances  and  pressure,  in  the  process  of  mountain  building, 
have  brought  about  great  changes.  The  coalfield  is  uniformly 
regular,  although  at  different  points  intrusive  rocks  have 
broken  it  into  different  sections.  A  rough  estimate  of  the 
extent  and  quantity  of  available  coal  in  the  known  portions 
of  the  fields  is  as  follows: — 


Coalfields 

Estimated  area 
in  square  miles 

Estimated  available 
quantity  in  tons 

Crow's  Nest  Pass 

Upper  Elk 

Flathead 

Crown  Mountain 

230 

140 

6 

2 

22,000,000,000 

14,000,000,000 

600,000,000 

200,000,000 

Total 

378 

36,800,000,000 

In  some  of  the  fields  11  to  25  seams  of  coal  have  been 
exposed.  An  overlapping  fault  in  one  of  the  fields  exposes 
47  seams  with  a  total  thickness  of  from  100  to  208  ft.  of  coal, 
of  which  100  ft.  is  estimated  as  workable. 

The  coal  is  a  high  grade  bituminous  fuel,  occasionally 
becoming  anthracitic.  The  majority  of  the  seams  furnish  a 
very  good  coking  coal  as  well  as  providing  an  excellent  steam 
fuel.  Some  idea  of  the  nature  of  these  coals  can  be  obtained 
from  the  following  analyses:* 


Vol. 

Fixed 

B.T.U.'s 

Mine 

Moisture 

matter 

carbon 

Ash 

Sul. 

per 

per  cent 

per  cent 

per  cent 

per  cent 

per  cent 

pound 

Michel,  No.  3 

1.4 

24.8 

62.7 

12.5 

0.5 

13,270 

Michel,  No.  7 

1.9 

22.6 

65.5 

11.9 

0.4 

13,360 

Michel,  No.  8 

3.0 

24.1 

65.7 

10.2 

0.6 

13,480 

Coal  Creek,  No.  2 

2.2 

26.3 

64.7 

9.0 

0.5 

13,820 

Coal  Creek,  No.  5 . 

1.6 

24.0 

65.2 

10.0 

0.5 

13,480 

These  analyses  indicate  that  the  coals  of  the  Crow's  Nest 
coalfield  rank  high  among  the  best  coals  produced  in  the 


R. 


*  "An  Investigation  of  the  Coals  of  Canada",  by  J.  B.  Porter  and 
J.  Durley. 
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Dominion  of  Canada.  The  economic  development  of  the 
Crow's  Nest  Pass  coalfield  may  be  said  to  have  commenced 
when  the  Crow's  Nest  Pass  Coal  Co.  Ltd.  took  the  property 
over  from  the  Fernie-Baker  syndicate  in  1897.  The  first 
colliery  opened  was  at  Coal  creek  in  1897,  some  5  miles  east 
of  Fernie.  A  year  later  work  commenced  at  Michel,  24  miles 
north  of  Fernie,  and  this  was  closely  followed  by  developments 
at  Morrissey,  about  10  miles  south-east  of  Fernie.  All  of 
these  mines  are  owned  by  the  Crow's  Nest  Pass  Coal  Co.  Ltd., 
which  controls  an  area  of  approximately  200,000  acres. 

The  Canadian  Pacific  Railway  Co.,  holding  an  area  of 
5  square  miles,  8  miles  north  of  Fernie,  opened  a  colliery  at 
Hosmer,  in  1908.  The  opening  of  this  colliery,  by  the  railway 
company,  was  delayed  through  an  agreement  with  the  Crow's 
Nest  Pass  Coal  Co.  Ltd.,  which  required  the  railway  company 
to  build  the  Crow's  Nest  Pass  branch  of  the  Canadian  Pacific 
Railway,  under  the  Charter  of  the  British  Columbia  Southern 
Railway  which  was  held  by  the  coal  company.  The  year 
1908  also  witnessed  the  opening  of  the  Corbin  Coal  and  Coke 
Co's  colliery  at  Corbin,  about  24  miles  east  of  Fernie,  by  the 
D.  C.  Corbin  interests  of  Spokane,  Wash. 

Of  the  5  collieries  that  were  opened,  the  Morrissey  colliery 
of  the  Crow's  Nest  Pass  Coal  Co.  Ltd.,  and  the  Hosmer  Colliery 
belonging  to  the  Canadian  Pacific  Railway  have  been  aban- 
doned. In  the  Morrissey  section  a  great  deal  of  trouble  was 
experienced  from  blow-outs  of  gas  accompanied  by  fine  coal, 
entailing  a  considerable  loss  of  life.  After  several  attempts  to 
successfully  work  the  mine  these  troubles,  together  with  the 
fact  that  the  coal  did  not  prove  very  suitable  for  coking 
purposes  and  was  too  fine  for  a  locomotive  fuel,  decided  the 
operators  to  abandon  the  colliery. 

The  Morrissey  colliery  was  shut  down  in  1909  and  in 
1914  the  Canadian  Pacific  Railway  abandoned  the  Hosmer 
mines,  owing  to  trouble  with  the  seams.  The  longer  axis  of 
the  Hosmer  coal  area  lies  parallel  to  the  Elk  river,  along  the 
escarpment.  The  coal  seams  are  badly  twisted  and  folded 
and  this  explains  the  troubled  nature  of  the  measures.  With 
the  closing  down  of  these  two  large  collieries,  the  production 
of  coal  from  the  district  dropped  considerably.  The  railways 
began  to  look  for  their  coal  supplies  to  the  eastern  slopes  of 
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the  Rocky  Mountains,  where  a  number  of  bituminous  coal 
mines  were  being  opened.  This  caused  an  increased  produc- 
tion of  coal  from  Alberta,  and  a  corresponding  reduction  in 
British  Columbia. 

In  1910  the  production  of  coal  from  this  district  was  at 
its  peak  amounting  to  1,365,000  long  tons,  of  which  334,519 
tons  were  used  in  making  215,690  tons  of  coke.  Since  that 
time  the  production  of  both  coal  and  coke  has  decreased 
considerably.  In  1921,  759,755  long  tons  of  coal  were  produced 
of  which  85,644  tons  were  used  for  the  production  of  coke. 
The  reasons  for  the  decreased  production  of  coal  have  already 
been  explained,  and  the  closing  down  of  the  smelters  at  Grand 
Forks  and  at  Greenwood,  together  with  the  curtailment  of 
smelting  operations  as  Northport,  Wash.,  explains  the  reduced 
demand  for  coke. 

Coincident  with  the  production  of  coal  in  1898,  coke 
ovens  of  the  bee-hive  type  were  built  at  Fernie.  These  ovens 
produce  a  very  fine  grade  of  coke.  It  is  generally  conceded 
that  the  cheap  coal  and  coke  of  the  Crow's  Nest  Pass,  have 
been  instrumental  in  assisting  the  Trail  smelter  to  reduce 
large  tonnages  of  Rossland  ore  and  were  also  deciding  factors 
in  the  establishment  of  smelters  at  Grand  Forks,  Greenwood, 
and  Boundary  Falls. 

Coal  creek  colliery. 

This  colliery  is  situated  about  five  miles  east  of  Fernie, 
at  the  junction  of  Coal  creek  and  the  Elk  river.  At  this 
point  the  coal  measures  dip  to  the  east  and  are  found  exposed 
on  both  the  north  and  south  slopes  of  the  stream. 

The  seams  that  have  been  mined  are : — 

No.  "B"  seam  averaging  about  5  feet  in  thickness. 
No.     1    seam  averaging  about  30  feet  in  thickness. 
No.     2    seam  averaging  about    7  feet  in  thickness. 
No.    5    seam  averaging  about  12  feet  in  thickness. 
No.     4    seam  averaging  about  40  feet  in  thickness. 

At  present,  three  mines  are  working  in  the  No.  1  seam, 
three  in  the  No.  2  seam,  and  one  in  the  "B"  seam. 
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Log  of  Drill  Hole  on  South  Side  of  Creek  at  the  Coal  Creek  Mines 

Depth  of  Hole  in  feel  Coal  Seams. 

20  "B"Seaxn 

160  Coal  3  feel 

219  No.  1  Seam,  8  ft.  to  30  ft.  of  coal 

349 No.  2  Seam,  6.5  feet  of  coal 

363  No.  2  lower  seam,  3  feet  of  coal 

416  New  No.  4  seam,  10.5  feet  of  coal 

577  No.  5  seam,  6  feet  of  coal 

640  Coal,  2  feet  of  coal 

680  Coal,  3  feet  of  coal 

936  No.  8  or  old  No.  5  seam,  9.5  feet  of  coal 

1,057  No.  4  seam,  17  feet  of  coal 

1,167  Coal,  5  feet 

1,178  Coal,  3  feet 

1,184  No.  10  seam..  16  feet  of  coal 

1,234  Coal,  4  feet. 

Total  thickness  of  roal,  106.5  feet. 


Plate  No.  5 


Coal  Creek,  B.C. 


In  mining  the  No.  1  seam,  only  the  upper  ten  feet  of  coal 
is  extracted  under  present  mining  operation.  The  coal  in  this 
seam  is  dark  gray  in  colour  and  very  friable.  The  mining  of 
this  seam,  leaving  a  soft  shale  above  the  timbers,  requires 
not  only  very  careful  but  very  close  timbering  to  support  the 
roof.  On  the  other  hand  the  No.  2  and  No.  "B"  seams  have 
moderately  hard  shale  roofs  and  the  coal  is  of  a  bright  black 
colour. 
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Under  normal  conditions  there  is  very  little  foreign  matter 
in  the  coal  and  bands  of  either  rock  or  bone  are  quite  rare. 
The  coal  is  easily  mined  from  the  outcrops.  Tunnels  are 
driven  on  the  strike  of  the  seams  and  levels  or  inclines  are  set 
off  at  regular  intervals.  In  all  cases  the  method  of  work  is 
by  Pillar  and  Stall.  Several  attempts  were  made,  some  years 
ago,  to  work  portions  of  the  No.  2  seam  on  the  Longwall  system 
but  owing  to  the  lack  of  suitable  material  for  packs  and  because 
the  thickness  of  the  seam  required  large  and  heavy  cogging,  the 
method  was  abandoned  as  too  costly.  Practically  all  of  the 
coal  is  mined  by  hand,  although  when  the  coal  is  hard  to 
mine  machines  are  employed.  No  explosives  are  used  for 
breaking  coal  in  any  of  the  mines. 

The  broken  coal  is  loaded  into  cars  of  about  2  ton  capacity. 
The  cars  are  hauled  by  horses  to  gathering  points  and  delivered 
to  the  main  levels  by  either  gravity  planes  or  compressed  air- 
hoists. The  cars  are  then  brought  to  the  tipple  by  horses, 
main  rope  haulage,  endless  rope  haulage  with  bogie,  and 
compressed  air  locomotives. 

Ventilation  is  secured  by  large  and  powerful  fans,  all  of 
which  are,  at  present,  working  as  exhausters.  Some  of  the 
mines  are  the  most  gaseous  in  the  province,  if  not  in  the 
Dominion  of  Canada,  and  they  require  the  circulation  of  large 
volumes  of  air  to  dilute  and  carry  away  these  dangerous  gases. 
The  size  of  the  ventilating  fans  depend  on  the  size  of  the  mine. 
They  vary  from  an  electrically  driven  fan  of  the  Keith  type, 
8  ft.  in  diameter  by  4  ft.  in  width,  capable  of  delivering  50,000 
cu.  ft.  of  air  per  minute;  to  an  11  ft.  diameter  fan  of  the  Sirocco 
type  capable  of  delivering  300,000  cu.  ft.  of  air  per  minute. 

Three  of  the  mines,  now  working,  are  situated  on  the 
north  side  of  the  valley.  These  are  the  No.  1  north,  the 
No.  9  and  the  No.  "B"  north.  The  No.  9  mine,  developing 
the  No.  2  seam,  was  formerly  worked  on  the  Longwall  system, 
but  a  large  number  of  faults  were  encountered  and  present 
operations  are  conducted  on  prospecting  methods. 

The  No.  1  north,  is  working  the  upper  portion  of  the 
No.  1  seam,  near  the  outcrop,  on  an  extension  of  the  old  seam 
at  No.  1  mine,  which  was  abandoned  several  years  ago.  The 
No.  "B"  north  is  the  only  mine  which  is  working  the  "B" 
seam. 
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On  the  south  side  of  the  valley  there  are  four  mines  from 
which  the  largest  part  of  the  present  production  of  coal  is 
being  obtained.  These  are  No.  1  east  and  No.  1  south,  and 
both  are  working  the  upper  portion  of  No.  1  seam  at  different 
points.  The  other  two  mines  are  the  No.  2  and  the  No.  3, 
both  working  in  the  No.  2  seam. 

The  tipple,  of  steel  construction,  spans  the  valley  of 
Coal  creek  with  its  length  of  840  ft.  and  receives  coal  from 
both  sides.  It  is  equipped  with  two  independent,  dumping, 
screening  and  picking  installations  all  driven  by  electric  motors. 
The  loaded  cars  go  to  a  circular  dump  which  unloads  them 
into  a  pocket.  From  the  pocket  the  coal  is  fed  to  shaking 
screens,  and  is  sized  into  lump  and  slack.  The  lump  coal  is 
carried  to  the  picking  table  where  the  foreign  material  is 
picked  out,  and  is  then  delivered  to  the  loading  station.  Means 
are  provided  to  load  direct  into  open  cars,  by  a  long, 
electrically  controlled,  apron  avoiding  breakage;  or  into  box 
cars  with  a  Smith's  hydraulic  box  car  loader.  The  Smith 
loader  tilts  the  car  up  at  an  angle  and  allows  the  coal  to  run 
by  gravity  to  either  end  of  the  car,  reducing  the  amount  of 
hand  labour  to  a  minimum.  The  slack  coal  is  loaded  separately, 
and  for  the  most  part  was  formerly  used  in  the  production  of 
coke. 

A  railway,  about  5  miles  long  connects  the  mines  with 
the  coke  ovens  at  Fernie,  but  since  the  falling  off  in  the  demand 
for  coke  the  ovens  have  been  out  of  commission.  The  present 
market  for  coke  is  supplied  from  Michel  colliery  which  is  also 
owned  by  the  Crow's  Nest  Pass  Coal  Co.  Ltd. 

The  main  power  plant  is  situated  on  the  north  side  of 
Coal  creek  valley  and  consists  of  14  boilers  of  the  return 
tubular  type.  An  auxiliary  power  plant  consisting  of  5  boilers 
is  placed  on  the  south  side  of  the  valley.  The  total  horse 
power  of  the  boiler  plants  is  about  3,250,  providing  power  to 
drive  three  low  pressure  and  one  high  pressure  air  compressors. 
The  low  pressure  machines  provide  air  for  the  pumps  and  hoists 
in  the  mines,  while  the  high  pressure  machine  supplies  com- 
pressed air  for  the  locomotives.  Three  d.c.  generators,  with  a 
combined  capacity  of  680  amperes  at  250  volts,  driven  by  two 
Robb- Armstrong  steam  engines,  provide  power  for  the  motors 
in  the  tipple,  the   electric-driven  fans  at  three  of  the  mines, 
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as  well  as  supplying  lights  for  the  tipple  and  yards  and  the 
dwelling  houses  at  Coal  creek. 

Electric  lamps  of  the  Edison  type  are  used  by  the  workmen 
and  Wolf  safety-lamps  by  the  officials.  All  lamps  are  cleaned 
and  repaired  at  a  lamp-room  convenient  to  the  mines. 

Offices,  warehouses,  wash-house  and  change  rooms  are  all 
provided,  the  buildings  being  of  substantial  structure.  While 
a  number  of  the  men  reside  at  Coal  creek,  the  majority  have 
their  homes  at  Fernie  and  a  passenger  service  is  maintained 
on  the  local  branch  railway,  free  of  charge,  for  the  use  of  these 
workmen.  This  railway  is  part  of  the  Morrissey,  Fernie  and 
Michel  Railway  owned  by  the  Crow's  Nest  Pass  Coal  Co.  Ltd. 

Michel  Colliery. 

Michel  Colliery  is  situated  on  both  sides  of  Michel  creek, 
about  17  miles  directly  north  of  Fernie  and  about  eight  miles 
west  of  the  summit  of  the  Rocky  Mountains.  At  this  point 
the  creek  has  cut  across  the  coal  measures  leaving  several 
seams  exposed  on  either  side. 

The  various  seams  which  have  been  mined  with  the 
approximate  thickness  of  each  seam  are: — 

No.  3  Seam 5.5  ft. 

No.  3  Upper  Seam 12.0 

No.  4  Seam 10.0 

No.  5  Seam 8.0 

No.  7  Seam 8.0 

No.  8  Seam 12.0 

No.  9  Seam 14.0 

At  present  there  are  only  three  operating  mines,  two 
working  in  the  upper  No.  3  seam,  and  the  third  working  in  the 
No.  8  seam.  The  coal  in  the  No.  3  seam  is  of  a  dark  glistening 
colour  and  is  firm  in  texture,  being  somewhat  similar  to  the 
coal  in  No.  2  seam  at  Coal  creek.  The  roof  and  floor  are  of 
hard  shale.  Two  partings  run  through  the  seam,  one  of  them 
is  less  than  an  inch  in  thickness,  the  other  varies  from  12  in. 
to  as  much  as  4  ft.  and  divides  the  seam  into  two  parts. 

The  coal  in  the  No.  8  seam  is  of  a  dull  gray  colour,  rather 
friable,  and  is  similar  to  the  coal  in  the  No.  1  seam  at  Coal 
creek.  The  coal  from  No.  8  seam  is  valued  not  only  for  its 
steam  producing  properties,  but  also  because  it  produces  an 
excellent  quality  of  coke.     The  No.  8  seam  varies  in  thickness 
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with  the  rolling  of  the  roof.  The  seam  in  some  places  is  only 
4  or  5  ft.  thick  but  these  thin  portions  are  invariably  followed 
by  swellings  which  sometimes  contain  as  much  as  40  or  50 
ft.  of  coal. 

The  method  of  working  the  No.  3  seam  and  also  the  No. 
8  seam  is  by  Pillar  and  Stall.  In  the  No.  3  seam  no  difficulty 
is  experienced  with  the  timbering,  but  in  the  No.  8  seam, 
owing  to  its  occasional  extreme  thickness,  coal  is  left  above 
the  timber,  and  also  sometimes  on  the  floor.  This  makes  a 
difficult  problem  in  timbering  exactly  similar  to  the  timbering 
problems  in  the  No.  1  seam  at  Coal  creek. 


Plate  No.  6 


Michel  Valley,  Michel,  B.C. 


The  Michel  creek,  by  cutting  across  the  measures,  exposed 
the  coal  and  allowed  the  seams  to  be  opened  without  very 
much  trouble.  After  the  seams  were  proved  a  level  cross-cut 
tunnel  was  driven  on  the  south  side  to  cut  No.  5,  No.  4,  No.  3, 
No.  3  upper,  and  two  other  seams.  This  tunnel  permitted  the 
workings  to  be  advanced  both  to  the  rise  and  to  the  dip. 
On  the  north  side  of  the  creek,  where  the  seams  rise  with  the 
mountain,  a  short  tunnel  was  driven  to  strike  the  seams  below 
the  outcrops.  Levels  were  then  driven  from  which  inclines 
were  set  off  to  the  rise,  and  after  the  levels  had  reached  a 
considerable  distance  from  the  mine  entrance,  slopes  were 
driven  to  the  dip.    A  rock  tunnel  driven  from  No.  8  mine, 
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on  the  foot  wall,  exposed  the  No.  7  seam.    Another  tunnel 
driven  in  on  the  hanging  wall  exposed  the  No.  9  seam. 

The  coal  is  generally  cut  by  hand  although  in  some  places, 
where  it  is  hard,  machines  of  the  post-puncher  type  have  been 
used.  Explosives  are  used  to  a  limited  extent  in  breaking 
down  the  coal.  The  coal  is  loaded  into  1.5  ton  cars  which 
are  gathered  by  horses  and  then  delivered  by  gravity  inclines 
or  compressed  air-hoists  to  the  main  landings,  where  compressed 
air  locomotives  convey  them  to  the  tipple.  The  coal  seams 
being  very  gaseous,  like  those  at  Coal  creek,  great  quantities 
of  air  are  required  to  dilute  and  carry  away  the  dangerous 
gases,  and  fans  are  installed  at  each  mine.  These  fans  are  of 
various  sizes.  A  Keith  fan  at  No.  8  mine  is  capable  of  deliver- 
ing 60,000  cu.  ft.  of  air  per  minute.  All  of  the  workmen  use 
electric  lamps  of  the  Edison  type  and  the  officials  use  Wolf 
safety-lamps. 

Work  at  the  No.  8  mine  is  confined  to  the  upper  extension 
of  the  No.  8  seam.  The  part  of  the  seam  originally  worked 
convenient  to  the  tipple,  having  been  on  fire  for  a  number  of 
years.  The  loaded  coal  cars  are  brought  out  of  the  mine 
and  weighed  and  dumped  into  a  storage  pocket  about  400  ft. 
above  the  tipple.  From  this  pocket  the  coal  is  drawn  into 
8  ton  skips  and  lowered  by  gravity  to  the  storage  bins  at  the 
foot  of  the  incline.  The  coal  is  again  loaded  in  mine  cars 
and  transferred  to  the  tipple  by  an  electrically  operated  endless 
rope. 

The  steel  tipple,  600  feet  long,  is  of  the  Green's  patent 
double  track  type.  The  cars  from  the  No.  8  mine  are  delivered 
to  an  hydraulically  operated  transfer  which,  after  unloading 
the  coal,  drops  the  empty  cars  to  a  lower  track,  allowing  them 
to  run  back  by  gravity  to  the  assembly  track  or  to  be  con- 
nected to  an  endless  rope,  which  is  exactly  underneath  the 
unloading  track. 

On  the  south  side  of  the  creek  the  loaded  cars  from  the 
No.  3  mine  and  the  No.  3  east  mine  are  brought  to  the  foot 
of  an  incline  by  compressed  air  locomotives.  They  are  then 
picked  up  by  a  Green's  patent  car-haul,  consisting  of  a  double 
endless  chain  arrangement  travelling  on  wheels  and  connected 
with  the  car  axles.  The  mine-car  track  is  inside  the  car-haul 
track.     When  the  car  is  delivered  to  the  chain-haul  a  cross-bar 
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engages  with  the  rear  car-wheels  and  the  car  is  pushed  up  the 
incline  to  the  dump,  which  is  simply  a  continuation  of  the 
track  at  an  increased  angle  of  from  60  to  70  degrees.  At  the 
dump  the  coal  is  delivered  to  the  coal  feed-belt  supplying  the 
screens.  The  car  continues  to  travel  with  the  chain-haul  and 
is  pushed  into  a  swing  transfer  lift,  while  the  cross-bar  travels 
around  a  large  sprocket  wheel  carrying  with  it  the  rear  car- 
wheels  over  the  sprocket  wheel  to  an  overhead  track.  The 
empty  car  then  returns  down  the  incline,  the  cross-bar  now 
acting  as  a  retarder. 


Plate  No.  7 


Tipple  of  The  Michel  Colliery,  Michel,  B.C. 


The  tipple  is  fully  equipped  with  shaking  screens,  picking 
tables,  and  loading  arrangements,  both  for  open  and  box  cars 
similar  to  the  installation  at  Coal  creek.  The  slack  is  taken 
by  belt-conveyor  and  bucket-elevator  to  the  storage  bins  from 
which  it  is  drawn  for  the  coke-ovens  as  required. 

About  440  bee-hive  coke  ovens  have  been  built  at  Michel. 
The  coke  market  being  dull  at  present,  only  30  per  cent  of 
these  are  in  operation.  The  ovens  have  been  built  convenient 
to  the  tipple  and  the  slack  is  drawn  from  the  storage  bins 
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into  charging  lorries  which  are  hauled  by  steam  locomotives. 
The  charge  varies  from  six  to  eight  tons  per  oven,  the  length 
of  time  required  for  coking  being  from  36  to  56  hours.  The 
production  of  high  grade  coke  being  the  first  consideration  no 
attempt  has  ever  been  made  to  recover  the  by-products. 

The  power  plant  consists  of  11  return  tubular  boilers  with 
a  combined  capacity  of  1,600  h.p.  Two  low  pressure  com- 
pressors, with  a  capacity  of  about  8,000  cu.  ft.  of  free  air  per 
minute,  provide  air  for  the  underground  pumps  and  hoists. 
One  high  pressure  compressor  supplies  compressed  air  to  the 
locomotives,  and  two  250  k.w.  generators  provide  power  for 
the  motors  at  the  tipple,  and  supply  lights  for  the  plant  as 
well  as  the  dwelling  houses  in  Michel. 

The  buildings  include  lamp-room,  machine,  carpenter  and 
car-repair  shops,  as  well  as  offices  and  warehouses.  The  com- 
pany own  a  large  number  of  houses  in  Michel  in  which  the 
majority  of  the  workmen  reside.  The  rest  of  the  workmen 
live  in  the  town  of  Natal  about  one  mile  south  of  Michel. 
All  the  collieries  of  the  Crow's  Nest  Pass  Coal  Co.  Ltd.  are 
connected  through  the  Morrissey,  Fernie  and  Michel  Railway 
to  both  the  Canadian  Pacific  and  Great  Northern  Railways. 

The  production  of  coal  in  1921  from  the  mines  owned 
by  the  Crow's  Nest  Pass  Coal  Co.  Ltd.  was: — 

Michel 278,301  tons 

Coal  Creek 413,523    " 

Total 691,824    " 

Of  the  total  coal  output,  85,644  tons  from  Michel  were 
used  in  the  production  of  59,434  tons  of  coke. 

At  Michel  415  workmen  were  employed  underground  and 
305  on  the  surface  including  the  employees  of  the  coke  ovens. 
At  Coal  creek  there  was  702  workmen  employed  underground, 
and  207  on  the  surface.  The  total  number  of  employees 
engaged  in  the  production  of  fuel  at  these  two  collieries  in 
1921  was  1,629. 

Corbin  Coal  and  Coke  Co.  Ltd. 

The  Corbin  colliery  is  situated  on  one  of  the  tributaries 
of  Michel   creek,   almost   on   the   inter-provincial   boundary 
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between  British  Columbia  and  Alberta,  and  about  24  miles 
directly  cast  of  Fernie.  This  mine  was  opened  in  1908  by  the 
Corbin  Coal  and  Coke  Co.  Ltd.  of  Spokane,  Wash.  The 
company  control  20,000  acres  of  coal  lands. 

The  coal  formations  of  the  Crow's  Nest  Pass  measures 
can  generally  be  seen  well  up  on  the  top  of  the  surrounding 
mountains,  lying  at  the  inclination  common  to  the  coalfield. 
At  Coal  mountain  however,  where  the  Corbin  Coal  and  Coke 
Co.  are  mining,  the  seams  are  standing  almost  perpendicular 
and  attain  great  thickness.  The  thickness  appears  to  be  due 
to  monoclinal  folding  of  the  measures  and  in  a  horizontal 
section  of  2,604  ft.  there  is  814  ft.  of  coal.  The  whole 
mountain  has  not,  as  yet,  been  thoroughly  prospected  and 


Plate  No.  8 

Tipple  of  The  Corbin  Coal  and  Coke  Co.,  Ltd.,  Corbin,  B.C. 


although  over  a  million  tons  of  coal  have  been  extracted, 
this  tonnage  does  not  represent  more  than  a  scratch  on  the 
surface  of  the  mountain. 

The  seams  have  been  very  hard  to  correlate.  They  are 
from  150  to  250  ft.  in  thickness  and  contain  a  thick  band  oi 
shale  running  irregularly  throughout.  Great  deposits  or 
'  'pockets"  of  coal  have  been  met  with  and  conservative 
estimates  of  the  reserves  of  coal  are  from  1  Yi  to  over  4  million 
tons.  So  far,  only  one  of  these  pockets  of  coal,  locally  called 
the  "big  showing"  or  No.  3  mine,  has  been  attacked.    This  is 
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situated  about  one  mile  south  of  Corbin,  at  an  elevation  of 
about  6,200  ft.  above  the  town  of  Corbin.  At  this  point  a 
cut  reveals  a  synclinal  basin  about  370  ft.  in  width  at  the 


Plate  No.  9 


Another  view  of  Corbin  Co.  Tipple. 


centre  of  which  the  coal  is  200  ft.  thick.  This  deposit  is  in 
a  direct  line  with  the  mines  at  Corbin  and  although  the 
geological  relations  have  not  as  yet  been  fully  established,  drill 
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holes  and  open  cuts  have  indicated  that  this  "pocket"  is  a 
continuation  of  the  Corbin  coal  measures. 

The  method  of  mining  these  large  bodies  of  coal  consists 
of  first  stripping  the  surface  debris  and  coal  blossom,  then  loading 
directly  by  steam  shovels  into  railway  cars.  This  system  did 
not  prove  as  economical  as  might  have  been  expected  and 
the  amount  of  coal  lost,  in  the  stripping  operation,  was  con- 
siderable. Very  little  opportunity  was  afforded  to  pick  out 
the  foreign  matter  or  to  select  a  portion  of  the  coal  being 
mined,  and  this  mine  or  quarry  was  later  temporarily  abandon- 
ed. The  operations  might  have  been  conducted  on  a  less 
spectacular  scale,  with  more  benches,  and  employing  either 
chutes  or  retarding  conveyors  to  take  the  coal  down  the  hill 
in  small  cars,  thus  eliminating  the  expensive  railway.  This 
would  have  permitted  the  elimination  of  the  very  fine  coal 
blossom  and  foreign  material  and  provided  a  more  suitable 
coal  for  the  market. 

In  addition  to  the  No.  3  mine  of  "Big  Showing"  three 
other  mines,  the  No.  4,  the  No.  5  and  No.  6  have  been  opened 
convenient  to  the  railway  at  Corbin  and  all  of  these  are  under- 
ground workings.  The  No.  4  mine  is  worked  on  a  vertical 
seam  of  coal  approximately  150  ft.  thick.  The  No.  5  mine  is 
worked  under  similar  conditions.  The  No.  6  seam,  the  most 
recently  opened,  was  found  to  be  400  ft.  thick  at  an  elevation 
of  5,315  ft.  A  level  driven  on  this  seam,  75  ft.  higher,  proved 
the  thickness  of  coal  to  be  375  ft.,  while  another  level  66  ft. 
higher  again,  proved  150  of  coal  across  the  seam. 

The  methods  followed  in  working  the  coal  have  been 
modifications  of  Pillar  and  Stall  adapted  to  vertical  seams. 
The  pillars  were  sub-divided  into  small  portions  which  were 
crushed  out  leaving  the  space,  formerly  occupied  by  the  pillars, 
to  be  filled  with  a  caving  roof.  The  coal  was  drawn  from  the 
chutes,  until  this  rock  or  waste  showed  up,  then  the  chute  was 
closed  and  similar  operations  commenced  on  another  series 
of  pillars  outbye. 

With  the  opening  of  the  large  seam  at  No.  6  mine  a  new 
method  of  working  is  to  be  followed.  The  seam  will  be  blocked 
out  in  sections  and  a  slicing  method  adopted.  Planks  or 
lagging  will  be  laid  down  as  a  floor  for  the  first  slice,  using 
this  floor  as  a  roof  for  the  next  slice  and  allowing  the  roof 
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to   cave.    These   floors   will   prevent   foreign  material   from 
mixing  with  the  slice  or  the  lift  of  the  coal  being  worked. 

The  coals  mined  at  Corbin  have  been  found  to  be  much 
higher  in  fixed  carbon  and  lower  in  volatile  than  the  general 
run  of  coals  in  the  district.  They  compare  better  with  the 
seams  at  Morrissey  than  with  those  at  either  Coal  creek  or 
Michel.     The  following  analysis  is  typical. 


Moisture 

Vol.  matter 

Fixed  carbon 

Ash 

Per  cent 

Per  cent 

Per  cent 

Per  cent 

0.75 

22.75 

69.00 

7.50 

The  coal  is  mined  by  hand  and  explosives  are  used  for 
breaking.  The  coal  is  loaded  into  chutes  and  discharged  into 
cars  which  are  hauled  by  horses  to  the  tipple.  Compressed 
air  locomotives  were  formerly  used  for  this  purpose  but  as 
the  retreating  system  reduced  the  size  of  the  mines  the  loco- 
motives were  dispensed  with  and  horses  were  substituted. 
The  various  seams  which  have  been  mined  at  Corbin,  at  one 
time  or  another  are: — 

No.  1  Seam 170  feet  thick. 

No.  2  Seam 12 

No.  3  Seam 200 

No.  4  Seam 200 

No.  5  Seam 12 

No.  6  Seam 400 

The  coal  is  of  a  dark  glossy  colour  and  is  very  friable. 
The  weakness  of  the  coal  is  illustrated  by  the  fact  that  the 
pillars  will  run  of  their  own  weight,  or  when  assisted  by  roof 
pressure. 

The  power  plant  which  is  not  very  large,  consists  of  three 
return  tubular  boilers,  with  a  total  capacity  of  275  h.p.  One 
70  h.p.  a.c.  generator  supplies  power  for  driving  a  small  electric 
fan  at  the  No.  6  mine  also  the  lights  for  the  plant  and  the 
dwelling  houses  at  Corbin. 

The  production  of  coal  at  the  Corbin  colliery,  similar  to 
other  collieries,  rises  and  falls  with  the  demand.  The 
production  in  1921  was  67,900  tons  which  compares  with  over 
150,000  tons  produced  the  previous  year.  The  facts  that  the 
coal  is  non-coking  and  that  it  is  very  friable  and  poorly  prepared 
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for  market  have  all  contributed  towards  retarding  the  develop- 
ment of  this  immense  coal  property,  and  have  prevented  a 
steady  production.  The  number  of  workmen  engaged  at 
Corbin  are  90  underground  and  55  on  the  surface. 

The  British  Columbia  Eastern  Railway,  about  18  miles 
long,  connects  the  colliery  to  the  Crow's  Nest  Branch  of  the 
Canadian  Pacific  Railway  at  McGillivary.  This  railway, 
besides  serving  the  mines  at  Corbin,  connects  with  the  No.  3 
mine  or  "Big  Showing",  by  a  series  of  switch-backs. 


Plate  No.  10 


No.  6  Mine  Corbin  Coal  and  Coke  Co.,  Ltd. 


The  total  production  of  coal  from  the  Crow's  Nest  Pass 
coalfield  in  1921  amounted  to  759,755  long  tons.  The  produc- 
tion at  one  time  previous  to  the  closing  of  the  Hosmer  and 
Morrissey  collieries  amounted  to  1,365,000  tons.  The  loss  in 
production  due  to  the  closing  of  the  Morrissey  colliery  has  been 
made  up  from  the  Coal  creek  and  Michel  collieries,  which  are 
capable,  with  their  present  equipment,  of  producing  over  a 
million  tons  annually.  With  the  immense  and  easily  accessible 
resources  of  coal  at  Corbin  there  is  no  reason  why,  with  proper 
equipment,  the  annual  output  from  this  colliery  should  not 
reach  the  half  million  mark. 

All  of  these  coals  have  been  marketed  with  the  railways, 
converted  into  metallurgical  coke,  and  sold  for  manufacturing 
and  domestic  purposes.     The  wide  variations  in  adaptability 
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of  the  various  coals  permits  of  meeting  almost  any  marketing 
condition  if  the  coals  are  properly  selected  and  prepared.  The 
present  markets  extend  east  to  Winnipeg,  as  far  west  as  com- 
petition with  the  Nicola-Similkameen  coals  will  permit,  north 
as  far  as  Calgary,  and  for  some  distance  into  the  United  States. 
Almost  63  per  cent  of  the  present  production  is  absorbed  in 
the  United  States  notwithstanding  the  recent  increase  in 
duties  against  the  importation  of  Canadian  coal. 

While  the  urgent  demand  of  some  few  years  ago,  for  a 
suitable  and  cheap  supply  of  coke  may  have  justified  the 
erection  of  coke  ovens  of  the  bee-hive  type,  the  time  will 
arrive  when  a  more  economical  and  profitable  method  of 
coking  will  be  adopted.  By-product  coke,  make  elsewhere 
with  similiar  coals,  is  an  entirely  suitable  domestic  fuel.  The 
yield  of  coke  from  by-product  ovens  amounts  to  almost  70 
per  cent.  The  distillation  products,  per  ton  of  coal,  include 
7  to  9  gallons  of  tar,  20  pounds  of  ammonium  sulphate  and 
at  least  5,000  cu.  ft.  of  surplus  gas  suitable  for  either  domestic 
or  power  purposes.  It  reflects  poor  intelligence  on  the  part 
of  mining  men  that  these  valuable  by-products  should  con- 
tinue to  be  wasted,  as  they  are  at  present. 

It  will  have  been  noted  that  practically  all  of  the  power 
required  in  and  about  the  collieries  of  the  Crow's  Nest  Pass 
coalfield  is  derived  from  steam  produced  by  the  burning  of 
coal  under  the  colliery  boilers.  The  time  is  not  far  distant 
when  this  expensive  method  of  producing  power  will  be 
abandoned.  The  East  Kootenay  Power  Co.  have  supplied 
electric  power  to  several  collieries  in  Alberta  from  their  hydro- 
electric plant  on  the  Bull  river  near  Cranbrook,  over  transmis- 
sion lines  through  the  Crow's  Nest  Pass.  These  transmission 
lines  are  connected  to  both  Coal  creek  and  Michel.  This 
supply  of  power  is  practically  absorbed  by  the  collieries  in 
Alberta,  the  Sullivan,  lead  and  zinc,  mine  at  Kimberley,  and 
the  cities  of  Cranbrook  and  Fernie.  The  power  company  is 
now  installing  a  new  plant  at  Elko,  on  the  Elk  river,  where 
the  first  unit  is  expected  to  develop  about  15,000  h.p.  When 
this  power  is  available  to  the  collieries  along  the  Crow's  Nest 
Pass  in  British  Columbia  it  will  save  about  60,000  tons  of 
coal  annually  and  also  effect  a  great  saving  in  labour  costs. 

While  the  Crow's  Nest  Pass  coalfield  has  been  free  from 
many  of  the  troubles  connected  with  frequent  faulting,  irregular 
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thickness  and  quality  of  the  coal  seams,  which  have  retarded 
the  development  of  both  the  Vancouver  Island  and  Nicola- 
Similkameen  coalfields,  other  and  peculiar  difficulties  have  been 
met  with.  Great  outflows  of  methane  gas  attend  the  working 
of  the  coal  while  "bumps",  outbursts  of  gas  accompanied  by 
the  discharge  of  large  quantities  of  fine  coal  dust,  have  created 
problems  that  are  difficult  to  overcome. 

The  tremendous  thickness  and  weight  of  the  overlying 
strata  and  the  lines  of  weakness  developed,  through  dynamic 
action,  during  the  formation  and  uplifting  of  the  coal  measures, 
have  contributed  to  conditions  which  require  considerable  care 
in  developing  the  mines  for  their  economic  and  safe  working. 


Plate  No.  11 
Site  of  new  Power  Plant  at  Elk  Falls,  The  East  Kootenay  Power  Co. 


Probably  the  greatest  problem,  and  one  that  will  continue, 
is  the  economic  working  of  the  seams,  so  as  to  avoid  damaging 
or  destroying  the  seams  lying  in  close  proximity  above.  Con- 
sidering the  large  number  and  thickness  of  the  valuable  coal 
seams  in  this  field,  the  adoption  of  the  Longwall  method  of 
working  is  almost  impossible.  The  mining  of  a  coal  seam  to 
the  boundaries  without  the  extraction  of  pillars  is  a  costly 
method  of  working  because  the  faces  are  quickly  advanced 
long  distances  from  the  entrance.  The  workings  of  some  of 
the  mines  are  well  over  two  miles  from  their  portals,  with 
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hundred  of  miles  of  roadways,  making  both  ventilation  and 
haulage  a  heavy  source  of  expense. 

With  the  enormous  thickness  of  coal  at  the  Corbin  mine, 
fires  have  become  a  serious  factor.  The  first  seam  opened, 
the  No.  1,  was  supposed  to  have  been  ignited  from  bush  fire. 
This  fire  has  now  spread  to  such  an  extent  that  the  mine  had 
to  be  abandoned.  A  fire  has  developed  lately  in  another  of 
these  great  coal  seams  and  this  fire  is  thought  to  have  been 
communicated  from  the  No.  1  seam  through  the  shale  strata 
which  separates  the  two  seams.  The  strata  consisting  of 
shale  with  stringers  of  coal  running  throughout,  may  have 
become  broken  with  the  heat  and  provided  means  of  com- 
munication for  the  fire.  Apparently  the  only  method  of 
dealing  with  these  fires  seems  to  be  some  form  of  flushing 
non-combustible  filling  into  the  spaces  left  vacant  by  the 
extraction  of  the  coal. 

The  coal  mining  industry  is  controlled  by  the  Provincial 
Coal  Mines  Regulation  Act,  enforced  by  the  Department  of 
Mines  under  the  direction  of  the  Minister.  This  Act  regulates 
the  employment  of  labour  in  the  mines,  and  the  manner  in 
which  the  wages  shall  be  paid.  It  controls  the  size  and  number 
of  the  shafts  or  outlets,  the  conditions  under  which  sub-marine 
areas  shall  be  worked,  and  the  division  of  mines.  Under  the 
Act,  certificates  of  competency  are  granted  to  those  found 
qualified  to  direct  mining  operations  such  as  managers,  over- 
men, firebosses,  surveyors  and  miners.  The  inspection  of 
mines,  by  the  Department,  provides  for  certain  returns  and 
notices  required  by  the  Act,  and  also  the  maintenance  of  mine 
plans.  Rules  have  been  adopted  for  the  safety  of  the  workmen 
employed  and  for  rescue  and  first  aid  to  the  injured  in  case 
of  accidents.  Penalties  are  provided  for  non-compliance  or 
failure  to  enforce  these  rules.  Two  invariable  rules  apply,  to 
the  prohibition  of  open  lights,  of  any  kind,  in  coal  mines 
throughout  the  province  and  a  minimum  amount  of  air  is 
required  to  be  provided  for  each  person  or  animal  underground. 
The  lamps  or  lights  to  be  used  underground  must  be  approved 
by  the  Minister.  Explosives  used  in  mining  must  also  be 
approved  by  the  Minister  and  their  use  and  storage  is  subject 
to  the  supervision  of  an  official  holding  a  Third  Class  Certificate 
of  competency.     Provision  is  made  for  the  appointment  of 
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inspectors  of  mines  to  enforce  these  regulations  and  regular 
monthly  inspections  of  all  parts  of  the  mines  are  required. 
The  authority  and  duties  of  the  inspectors  cover  the  employ- 
ment of  persons  who  lacking  knowledge  or  skill  may  become 
a  source  of  danger  to  other  workmen.  In  the  event  of  disputes 
provision  is  made  for  arbitration.  Regular  inspection  by 
competent  persons,  is  made  of  all  roadways,  working  places, 
shafts,  ropes,  and  machinery. 

Provisions  is  also  made  for  the  inspection  of  mines  by 
committees  of  workmen,  at  their  own  expense,  and  in  a  similar 
manner  to  the  inspection  by  the  Department  of  Mines.  The 
mine-rescue  apparatus  provided  at  each  mine  by  the  owners 
must  be  approved  by  the  Minister  and  in  addition  to  this 
local  equipment  the  Department  maintains  four  mine-rescue 
stations  where  instructions  are  given  in  the  use  of  mine-rescue 
apparatus.  Examinations  for  the  granting  of  certificates  of 
competency  are  held  every  two  months  for  the  lower  grades, 
and  twice  a  year  for  the  higher  officials. 

While  a  very  small  tonnage  of  coal  has  been  produced 
from  the  Telkwa  district  practically  the  whole  production  has 
been  derived  from  the  Vancouver  Island,  the  Nicola-Similka- 
meen  and  the  Crow's  Nest  Pass  coalfields.  A  conservative 
estimate  would  place  the  amount  of  capital  invested  in  these 
three  fields  at  about  $40,000,000.  This  fact  warrants  more 
consideration  from  the  general  public  than  has  hitherto  been 
given  to  the  industry  of  coal  mining  in  British  Columbia. 
Since  1836,  56,693,490  tons  of  coal  and  4,182,701  tons  of  coke 
valued  at  over  $225,000,000  have  been  produced.  In  1919 
the  value  of  the  production  of  coal  and  coke  amounted  to  35 
per  cent  of  the  total  value  of  the  mineral  production  of  the 
province,  in  1920  this  ratio  increased  to  37  per  cent,  and  in 
1921  to  45  per  cent.  These  figures  indicate  the  relative 
importance  of  coal  mining  to  the  other  mining  industries  of 
the  province. 


AN  ECONOMIC  STUDY  OF  COAL  MINING  IN  ALBERTA 
AND  SOUTH-EASTERN  BRITISH  COLUMBIA.* 

By  W.  J.  Dick. 

(Annnal  General  Meeting,  Montreal,  March  1923.) 

Day  by  day  it  becomes  more  evident  that  coal  is  the 
mainspring  of  modern  material  civilization.  In  addition  to 
its  use  as  a  source  of  motive  power  and  heat,  it  has  of  late 
years  been  found  to  yield  by-products  of  inestimable  value, 
supplying  gas  for  heating,  lighting  and  industrial  purposes; 
products  forming  the  basis  of  the  aniline  dye  industry;  various 
chemical  products  for  use  as  fertilizers,  disinfectants,  drugs, 
and  explosives.  Its  importance  to  a  nation  at  war  has  been 
well  exemplified  in  the  recent  Great  War. 

As  regards  the  supremacy  of  coal  as  a  source  of  heat  and 
power,  and  the  impossibility  of  finding  a  substitute,  Professor 
Tyndall  states: 

"I  see  no  prospect  of  any  substitute  being  found  for  coal, 
as  a  source  of  motive  power.  We  have,  it  is  true,  our  winds 
and  streams  and  tides;  and  we  have  the  beams  of  the  sun, 
but  these  are  common  to  all  the  world.  We  cannot  make 
head  against  a  nation  which,  in  addition  to  those  resources 
of  power,  possesses  the  power  of  coal." 

"It  is  no  new  thing  for  me  to  affirm  in  my  public  lectures, 
that  the  destiny  of  this  nation  (Great  Britain),  is  not  in  the 
hands  of  its  statesmen,  but  in  those  of  its  coal  owners;  and 
that  while  the  orators  of  St.  Stephen's  are  unconscious  of 
the  fact,  the  very  lifeblood  of  this  country  is  flowing  away". 

The  value  of  coal  has,  therefore,  not  yet  been  fully  realized 
and  the  progress  of  science,  and  the  improvement  in  the  arts, 
will  tend  to  increase  the  supremacy  of  steam  and  coal.  While 
hydro-electric  energy  will  replace  it  to  a  certain  extent  in 
Canada,  the  dependence  of  numerous  industries  upon  coal  and 
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coal  products  for  their  raw-materials,  ensures  that  coal  will 
always  be  required  on  a  larger  and  increasing  scale.  Upon 
the  exhaustion  of  the  oil-wells  all  the  petroleum  products  which 
are  now  obtained  from  them,  must,  as  far  as  possible,  be 
obtained  from  products  distilled  from  coal. 


Coal  Resources. 


Alberto. 


The  province  of  Alberta  contains  seventeen  per  cent  of 
the  coal  resources  of  the  world,  and  about  eighty  per  cent 
of  the  coal  resources  of  Canada.  D.  B.  Dowling,  of  the 
Geological  Survey  of  Canada,  in  "The  Coal  Resources  of  the 
World",  has  estimated  that  Alberta  contains  an  actual  reserve 
of  over  385,000  million  tons  and  a  probable  reserve  of  about 
674,000  million  tons  of  coal.  This  makes  a  total  reserve  for 
the  Province  of  considerably  over  1,000,000  million  tons. 


South-Eastern  British  Columbia. 

Mr.  Dowling  estimates  the  coal  resources  of  this  district 
to  be,  actual  reserves  25,000  million  tons,  and  probable  reserves 
35,000  million  tons  of  coal.  This  makes  a  total  reserve  for 
this  district  of  over  60,000  million  tons. 

It  is  not  the  intention  of  the  writer  to  go  into  any  further 
detail  respecting  the  coal  resources  of  the  districts  within  the 
scope  of  this  paper,  as  these  have  been  published  in  detail  by 
the  Geological  Survey,  Department  of  Mines,  Ottawa.  It  is 
sufficient  to  say  that  as  compared  with  our  present  production 
and  market  requirements,  that  we  have  immense  reserves  of 
coal.  The  fact  of  the  matter  is  that,  what  we  require  is  not 
a  further  development  of  our  coal  areas,  but  a  market  for  the 
tonnage  that  can  be  produced  from  the  mines  already  equipped 
and  developed  for  production.  It  is  quite  conservative  to  say 
that  the  coal  mines  within  this  district  are  capable  of  producing 
from  three  to  four  times  the  tonnage  that  the  present  market 
can  absorb. 
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That  the  production  of  coal  has  increased  at  a  rapid  rate 
between  1910  and  1921,  is  shown  in  the  following  table: 


Gross  Tons  Mined. 


Alberta. 

South-Eastern 

Year. 

British  Columbia 

Domestic. 

Bituminous. 

Bituminous. 

1910 

878,011 

1,896,961 

1,513,711 

1911 

964,700 

649,745 

503,215  (A) 

1912 

1,341,389 

1,926,371 

1,438,000 

1913 

1,763,225 

2,374,401 

1.513,392 

1914 

1,679,401 

1.953,367 

955,045  (B) 

1915 

1,682,922 

1.626,237 

947,376 

1916 

2,172,801 

2,335,259 

988,240 

1917 

2,537,828 

2,206,868 

617,961  (C) 

1918 

3,035,061 

2,982,334 

800,750 

1919 

2,611,009 

2,325,787 

640,319  (D) 

1920 

3.359,308 

3,419,021 

943,935 

1921 

2,943,141 

2,897,380 

847,067 

(A)  During  year  1911,  eight  months  strike. 

(B)  During  year  1914.  Hosmer  mine  closed. 

(C)  During  year  1917,  two  months  strike. 

(D)  During  year  1919,  three  months  strike. 

It  is  evident  that  the  production  of  coal  will  not  increase 
so  rapidly  in  the  future,  unless  additional  market  can  be 
secured,  but  this  question  will  be  dealt  with  more  fully  in  a 
subsequent  paragraph. 


General  Geology. 

In  Devono-Carboniferous  times,  what  is  now  the  Great 
Plain  area,  was  represented  by  deep  water  conditions;  this 
also  extended  beyond  what  is  now  the  Rocky  Mountains  to 
the  Columbia  river  trench,  and  northward  to  the  Arctic  Ocean. 
The    formations  that  were  laid  down  were  principally  lime- 
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stone.  The  present  outcrop  of  these  on  the  east  extend  from 
Lake  Winnipeg  to  the  Arctic  Ocean;  on  the  west  the  outcrop 
is  represented  by  the  back-bone  of  the  Rocky  Mountains. 
Owing  to  the  uplift  of  this  area,  deep  water  conditions  were 
followed  by  more  or  less  shallow  water  conditions,  and  the 
formations  laid  down  were  sandstone  and  shale. 

Uplift  was,  more  or  less,  followed  by  depression  of  the 
area  and  large  swamp  like  areas  were  formed  and  the  remains 
of  great  vegetable  growth  were  covered  by  silt  and  fine  sand. 
This  vegetable  matter,  in  time,  has  given  us  our  commercial 
coal  fields. 

The  first  coals  were,  more  or  less,  formed  close  to  the 
old  high  land  to  the  east  of  the  Columbia  river  trench,  and 
these  extended  from  the  United  States  Boundary  to  the 
MacKenzie  river  district  in  the  north.  These  are  known  as 
the  Kootenay  coals. 

Later  on  we  had  large,  but  more  or  less,  separated  areas, 
which  gave  rise  to  the  coals  of  the  Belly  river  formation. 
These  in  turn  were  followed  by  large  areas  further  to  the  east, 
which  give  rise  to  the  coals  of  the  Edmonton  formation.  The 
Edmonton  formation  was  followed  shortly  by  conditions, 
which  were  favourable  to  the  formation  of  coals.  These  are 
found  in  a  restricted  area  to  the  east  and  north,  and  the  coals 
belong  to  what  is  called  the  Paskapoo  formation.  With  the 
exception  of  the  latter  all  the  other  formations  belong  to  the 
Cretaceous.  The  Paskapoo  formation  was  followed  by  glacial 
clays  and  other  surface  deposits. 

The  following  indicates  the  general  stratigraphy;  the 
names  in  italics  being  the  coal-bear' ng  formation: 

Quaternary  Glacial  clays  and  other  surface  depo- 

sits, Pleistocene  clays. 
Tertiary  Paskapoo  (Willow   creek,  St.  Mary 

river,  upper  part). 
Montana  Edmonton  (St.  Mary  river  lower  part,) 

group.  Bearpaw,  chiefly  shales. 

Belly  river  chiefly  brackish  water 
deposits.  Pierre  marine  shales  (A 
phase  of  Belly  river  series). 
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Upper  Cretaceous 

Colorado 

group.  Benton  (Niobrara)  marine. 

Dakota 

group.  Dakota  (Blairmore  in  part). 

Lower  Cretaceous  Kootenay. 

Devono-Carboniferous       Limestone. 

The  first  stage  of  the  formation  of  coal  was  in  low  lying 
swamps  and  from  these  to  peat  bogs.  During  the  swamp  or 
peat  bog  period  there  was  more  or  less  drainage,  some  portions 
were  grassy  points  which  secured  less  of  vegetable  deposition; 
other  portions  had  shallow  or  deep  water  conditions.  The 
action  of  drainage,  and  the  action  of  the  wind,  on  the  shallows 
would  tend  to  stir  up  the  peaty  material  and  mix  impurities, 
such  as  fine  sand  or  silt,  with  it;  also  after  the  large  peat  bogs 
had  been  formed  there  might  be  subsidence  and  a  drowning 
out  of  the  area,  or  uplift,  which  would  tend  to  the  revival  of 
drainage  and  the  filling  up,  of  the  low  lands  or  bogs,  with  fine 
sand  and  silt. 

The  above  explains,  in  a  general  way,  the  impurities  in 
the  coal,  such  as  bone,  as  well  as  the  splitting  up  of  seams 
by  clay,  shale  or  sandstone  bands.  This  also  explains  irregular- 
ity in  certain  coal  seams.  After  peat  bogs  had  been  covered 
by  other  material  slow  distillation  took  place.  This  distilla- 
tion tended  toward  the  elimination  of  water,  (the  original 
amount  of  water  present  in  the  peat  bogs  was  over  ninety 
per  cent)  and  volatile  matter.  On  account  of  the  complete 
or  partial  elimination  of  water,  and  volatile  matter,  there  was 
a  corresponding  increase  in  the  percentages  of  ash  and  fixed 
carbon. 

In  other  words  the  degree  to  which  distillation  has  taken 
place  determines  the  class  of  the  coal.  As  a  general  rule  the 
older  the  coal  is,  the  greater  the  degree  of  distillation.  This 
may  have  been  slightly  modified  by  heat,  or  pressure,  or  both. 
As  this  is  true,  and  as  the  coal  occurs  in  four  different  horizons, 
in  the  area  described  in  this  paper,  we  would  expect  a  'nsar' 
classification  of  the  different  coals  based  on  the  age  of  the 
formations  in  which  they  occur;  the  coals  of  the  Kootenay 
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formation  being  the  only  true  bituminous  coals  within  the  area 
described  in  this  paper. 


Moisture,  per  cent 

Ash,  per  cent 

Volatile  matter,  per  cent 
Fixed  carbon,  per  cent . . 
B.T.U.'s,  per  lb 


Kootenay. 


.6  to  2.5 
10  to  20 
12  to  30* 
53  to  80* 

11.500 
to 

14.500 


Belly  river. 


5  to  9.5 

8  to  15 
25  to  34 
47  to  56 

10,000 
to 

12,000 


Edmonton. 


15  to  24 

7  to  15 

25  to  34 

43  to  47 

8,500 

to 
10,500 


Paskapoo. 


23  to  27 

6  to  11 

28  to  35 

38  to  43 

8,000 

to 

9.500 


(*)  The  wide  range  of  volatile  matter  and  fixed  carbon  in  the  coals 
of  the  Kootenay  formation  is  due  to  the  fact  that  the  normal  bituminous 
coal  has  been  changed  to  semi-anthracite  or  anthracite  coal,  due  to  pressure. 


Coal  Mining. 


Mines  of  the  Kootenay  Formation. 

Generally  speaking  the  coal  seams  of  this  formation  have 
steep  dips  and  outcrop  in  a  hilly  or  mountainous  region. 
As  the  railways,  which  afford  transportation  facilities,  follow 
the  valleys,  the  usual  practice  is  to  develop  the  mines  by 
tunnels  driven  from  the  level  of  the  valleys,  the  coal  being 
mined  to  the  rise  of  these  tunnels. 

These  conditions,  where  the  cover  is  not  very  great,  are 
favourable  to  economic  mining,  as  haulage,  pumping,  and 
ventilation  problems  are  not  difficult;  but,  as  soon  as  the  coal 
to  the  rise  has  been  mined  and  a  second  lift  undertaken,  the 
conditions  are  less  favourable.  The  steep  dips  quickly  increase 
the  cover  over  the  workings,  and  timbering,  ventilation, 
pumping,  and  haulage  problems  become  serious  factors.  Some 
of  the  mines  are  now  mining  a  second  lift,  and  eventually,  aU 
will  be  working  highly  pitching  seams  under  great  cover,  in 
which  there  are  a  number  of  seams  also  present  in  the  measures. 
The  mines  are,  as  a  rule,  gaseous  and  dry.  Great  care  is 
exercised  in  providing  for  the  safety  of  the  mines.  Coal 
mining  is  carried  on  in  the  following  districts: 
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Crow's  Nest  Pass  district,  in  British  Columbia. 
Crow's  Nest  Pass  district,  in  Alberta. 
Banff-Canmore  district,  Alberta. 
Brazeau  district.  Alberta. 
Mountain  Park  district,  Alberta. 
Jasper  Park  district,  Alberta. 

Crow's  Nest  Pass  District,  British  Columbia. 

This  field  contains  the  most  important  deposit  of  coal 
that  is  being  mined  in  British  Columbia.  It  is  in  a  basin 
form,  covering  an  area  of  230  square  miles,  surrounded  by 
uplifted  lower  beds.  Some  faulting  occurs  in  the  basin  but 
most  of  the  disturbed  beds,  at  the  outer  margin  near  the  main 
limestone  uplift,  have  been  deeply  eroded,  so  that  the  measures 
now  seem  to  occupy  an  elevated  plateau  at  some  height  above 
the  railway  level.  It  is  evident  that  the  amount  of  coal  in 
this  basin  is  very  great,  for  at  Fernie,  some  twenty-three  seams 
have  a  total  thickness  of  one  hundred  and  seventy- two  feet. 

Because  the  seams  occur  at  a  considerable  elevation  above 
the  line  of  the  railway  the  question  of  the  future  mining  of 
these  large  reserves  of  coal  presents  a  very  important  problem. 
The  only  possible  means  of  access  to  the  area  from  the  Canadian 
Pacific  Railway  are  at  Michel,  Hosmer,  Sparwood,  Morrissey, 
and  Fernie.  The  seams  are  opened  up  about  five  miles  east 
of  the  latter  by  means  of  the  Coal  Creek  Railway.  Mines  are, 
or  have  been  located  at  all  of  the  above  mentioned  points 
except  Sparwood.  The  extreme  easterly  portion  of  this  field 
has  also  been  developed  at  Corbin.  This  mine  is  connected 
with  the  Canadian  Pacific  Railway  at  McGillivary,  by  a 
branch  line  some  twelve  miles  in  length. 

About  ninety-three  per  cent  of  the  present  production  of 
this  field  is  mined  by  one  company,  the  Crow's  Nest  Pass 
Coal  Company,  operating  mines  at  Michel  and  Coal  Creek, 
the  remaining  seven  per  cent  is  derived  from  the  Corbin  District. 

The  seam  worked  at  Corbin  lies  in  a  syncline  trough 
pitching  to  the  north.  The  trough  occupies  the  western  part 
of  the  hill  and  the  eastern  edge  appears  to  be  sharply  folded 
downward  and  to  the  east.  About  eighty  feet  of  coal  is  found 
in  this  seam  and  has  been  opened  up  by  a  series  of  tunnels. 
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At  the  present  time  No.  4  and  No.  6  mines  are  being  worked. 
No.  4  mine  is  developed  2,200  ft.  on  the  strike,  averages  about 
120  ft.  in  width,  and  has  a  known  depth  of  1,200  feet.  No.  6 
mine  has  been  prospected  on  the  surface,  along  the  strike,  for 
a  distance  of  about  two  miles.  Three  levels  have  recently 
been  started  and  have  advanced  about  400  feet,  proving  a 
width  between  walls  of  450  feet  and  a  depth,  at  present,  of 
250  feet. 

The  beds  are  developed  by  drifting  into  the  hillside,  the 
area  of  coal  being  blocked  out  in  lifts  of  about  seventy  feat 
apart,  vertically. 

The  method  of  working  each  lift  is  the  Pillar  and  Stall 
system,  where  the  width  of  the  seam  will  allow,  laid  out  in 
panels.  The  size  of  the  smallest  pillar,  between  advancing 
levels,  is  70  feet,  and  the  size  of  all  working  places  10*  x  10' 
in  the  clear,  with  4'  x  4'  raises  connecting  lifts  for  ventilation 
purposes,  etc. 

The  most  difficult  problems  encountered  are  due  to  the 
fact  that  in  such  immense  bodies  of  coal,  a  certain  proportion 
is  very  friable  and  must  therefore  be  heavily  timbered,  all 
work  must  be  laid  out  to  prevent  creep  and  thrust  with  their 
consequent  mine  fire  hazard. 

A  very  satisfactory  method  of  recovery  of  pillar  coal  has 
been  developed.  Portions  of  No.  4  mine  have  been  operated 
on  a  block  caving  system  but  future  plans  are  being  studied 
and  work  arranged  for  a  top  slicing  method  of  second  work. 

Horses  are  employed  for  gathering.  But  a  main  and  tail 
hoist  is  installed  on  main-roads  inside.  For  outside  gathering 
inclines  and  chutes  are  employed.     Coal  cutters  are  not  used. 

All  coal  is  now  put  over  a  Marcus  screen  but  the  over- 
size only  is  cleaned.  The  under  sizes  do  not  contain  so  much 
ash,  although  experiments  have  been  carried  on  for  some  time 
with  a  view  to  installing,  at  an  early  date,  equipment  to  treat 
and  clean  this  grade  of  coal.  Sizes  made  at  present  are  run- 
of-mine,  lump  over  2"  screen,  2"  steam,  \%"  steam,  and  %" 
steam. 

The  Crow's  Nest  Pass  Coal  Company,  is  one  of  the  largest 
coal  producers  in  Canada,  and  the  coal  from  some  of  the  seams 
compares  favourably  with  the  highest  grades  of  coal  produced 
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in  the  North  American  continent.     The  dip  of  the  seams  vary 
from  ten  to  eighteen  per  cent,  depending  on  the  locality. 

The  seams  are  gaseous  and,  as  the  cover  increases  from  a 
few  thousand  to  over  three  thousand  feet  within  a  short 
distance  from  the  valley  entrances,  the  problem  of  successful 
mining  is  very  difficult.  Air  for  ventilation  has  to  be  taken 
in  from  the  valley  and  returned  to  the  valley,  as  the  great 
cover  precludes  the  possibility  of  putting  air  shafts  through 
to  the  surface. 

A  number  of  seams  are  worked  at  Michel  and  Coal  Creek. 
The  methods  of  mining  adopted  is  by  room  and  pillar  in  the 
thick  seams  and  by  longwall  method  in  the  thin  seams. 

The  seams  are  opened  up  by  tunnels  and  slopes,  inclines 
from  tunnels,  or  slopes  from  tunnels. 

The  general  plan  of  working  the  various  mines  may  be 
called  a  varied  pillar  method  of  working.  During  late  years 
the  system  has  been  changed  from  working  rooms  on  the 
pitch,  to  level  rooms  across  the  pitch.  The  rooms  vary  in 
width  from  fourteen  to  sixteen  feet  in  the  different  seams 
worked.  The  pillars  left  between  the  levels,  raises,  and  rooms 
vary  from  sixty  to  two  hundred  and  fifty  feet,  depending  on 
the  conditions  of  cover,  etc.  The  general  system  of  main 
roadway  development  varies,  depending  upon  conditions,  from 
the  two  entry  short  district  system,  to  four  and  six  way  entry 
system.  Two  seams  are  being  worked  at  Michel  and  three 
at  Coal  Creek. 

Haulage. 

Various  methods  of  mechanical  and  gravity  haulage  are 
employed,  such  as  hoists,  compressed  air  locomotives,  main 
and  tail  rope,  gravity  planes,  jigs,  etc. 

Blasting. 

Very  little  blasting  is  done  in  the  coal,  and  where 
explosives  are  used,  the  shooting  is  done  by  battery  and  with 
the  permitted  explosives.  Safety  lamps  are  used  throughout. 
The  tamping  material  used  in  stemming  the  holes  is  blue  clay, 
which  is  sent  into  the  mine  for  that  purpose.  From  the  fore- 
going it  can  be  seen  that  every  precaution  is  taken  to  prevent 


Economic  Study  of  Coal  Mining— Dick         145 

the  ignition  of  gas  during  blasting  operations  or  by  means  of 
miners'  lamps.     Dust  barriers  and  sprinkling  are  also  used. 

Mining  operations  are  seriously  interfered  with  at  times 
by  'bumps'.  'Bumps'  is  the  term  given  to  the  sudden  upheaval 
of  the  pavement  and,  more  or  less,  sudden  closing  up  of  the 
roadways  or  working  places.  'Bumps'  are  peculiar  in  the 
respect  that  they  often  effect  areas  where  little  or  no  coal 
has  been  extracted.  In  looking  for  the  cause  of  'bumps', 
therefore,  the  writer  is  of  the  opinion  that  the  size  of  pillars 
left  in  the  first  working  has  very  little  effect  in  causing  this 
phenomena.  The  following  appears  to  the  writer  to  be  a 
purely  theoretical  explanation  of  the  cause  of  'bumps'. 

The  cover  over  the  workings  is  very  great  and  the 
measures  dip  moderately  up  to  say  eighteen  degrees. 

The  measures  consist  of  interbedded  sandstones  and  shales 
with  occasional  coal  seams.  The  sandstone  bands  are,  more  or 
less,  massive  and  strong  in  character. 

In  the  carrying  on  of  operations  in  any  area  a  large  per- 
centage of  the  coal  is  extracted,  whether  the  method  followed 
be  longwall  or  room  and  pillar.  The  immediate  roof  may 
break  as  soon  as  the  coal  is  removed,  spilling  the  coal  in  the 
gob,  or  it  may  hang  for  some  time.  When  the  break  comes 
the  roof  will  tend  to  arch  until  heavy  sandstone  stratum  is 
encountered.  This  may  delay  the  break  and  establishes  a 
condition,  at  a  considerable  distance  above  the  seam,  where 
substantial  sandstone  stratum  is  under  heavy  pressure. 
Eventually  the  sandstone  band  gives  way  and  even  if  the  slip, 
of  the  measures  is  only  a  few  inches  an  enormous  pressure 
is  exerted.  While  there  may  be  an  old  face  beneath  this  band 
we  have  a  condition  that  is  similar  to  an  attempt  to  fill  a  glass 
of  water,  rapidly,  from  a  large  pitcher.  The  water  is  spilled 
over  the  edge  of  the  glass  before  it  is  partially  filled.  Similarly, 
when  the  sandstone  breaks  we  may  have  pressure  exerted  on 
the  wings  of  the  arch,  which  in  turn  causes  pressure  on  solid 
coal  some  distance  from  the  original  workings.  If  there  are 
any  openings  in  the  area  of  coal  that  come  under  this  quick 
pressure,  and  the  pavement  is  soft,  we  have  a  sudden  upheaval 
of  the  bottom  and  the  result  is  a  'bump'. 

The  problem  is  not  quite  so  simple  as  I  have  outlined, 
because  the  nature  and  size  of  the  first  break,  the  pitch  of  the 
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measures,  the  height  to  which  the  first  break  extends,  before 
it  is  stopped  by  a  heavy  sandstone  stratum,  largely  influences 
the  area  or  areas  that  will  be  effected  by  'bumps* . 

If  the  above  explanation  is  the  correct  one,  then  the  size 
of  the  pillars  have  no  bearing  on  'bumps',  so  long  as  they 
are  not  small  enough  to  cause  a  squeeze  or  creep.  The  most 
important  thing  is  control  of  the  roof  break,  when  pillars  are 
removed,  or  in  longwall  workings. 

Preparation  of  the  Coal. 

The  coals  from  the  different  mines  at  Coal  Creek  are 
screened  at  the  same  tipple.  This  tipple  is  of  steel  construc- 
tion, 840  feet  long,  and  is  equipped  with  two  sets  of  double 
tracks  and  rotary  dumps;  one  set  being  used  for  the  north 
side  coal  and  one  for  the  south  side  coal.  The  tipple  is  also 
equipped  with  the  necessary  screens  and  picking  belts  for 
sizing  and  cleaning  the  coal. 

The  following  diagram  shows  the  method  of  screening 
and  loading  the  coal. 

"Rotary  Dump 
l 
Feed  Belt 
l 
Shaking  Screen 
1   in.  capenin^ 


Uncl&rst  z.e  <Z>ve>r&i  z.& 


c=ii^ur^ai  "Picking  Table  . 

Coal  Bunker  Gravitycar  loader 

T?y.  ear  (coke,  ovfens)  ^y*  crar  (market^ 

Figure  1. 

The  screens  may  be  varied  at  the  different  mine  tipples 
so  as  to  make  the  following  sizes:  —  slack  through  %"  screen; 
slack  through  l}/£"  screen;  steam  coal  through  3"  screen; 
lump  coal  over  V/i'  screen;  lump  coal  over  3"  screen. 

When  there  is  a  market  for  coke,  the  fine  coal  which  passes 
through  a  one  inch  screen  is  shipped  to  Fernie,  where  it  is 
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converted  into  coke  in  beehive  ovens.  An  extraction  of  about 
sixty-five  per  cent  of  coke  (by  weight)  is  obtained,  but,  as  the 
ovens  are  not  of  the  by-prodyct  type,  the  gas,  tar  and  ammonia 
are  wasted. 

The  coal  from  both  the  north  and  south  sides  at  Michel 
is  conveyed  to  a  common  tipple.  This  tipple  is  of  steel 
construction  664  feet  long,  fourteen  feet  wide,  and  extends 
across  the  Michel  creek  valley.  The  coal  cars  from  the 
south  side  enter  a  cradle  and  are  conveyed  by  car  haul  to  a 
rotary  self-dumping  device.  After  the  coal  has  been  discharged, 
the  empties  return  to  the  south  side  by  an  overhead  track. 

The  loaded  cars  from  the  north  side  are  conveyed  to  the 
tipple  by  air  locomotives  and  dumped  by  means  of  a  Green 
patent  device,  the  empties  returning  by  a  track,  at  a  lower 
level. 

The  coal  is  first  screened  on  one  inch,  two  inch  or  three 
inch,  shaking  screens  and  the  impurities  picked  out  on  a  steel 
picking  table.  The  fines  are  conveyed  by  belt  conveyor  to 
the  coke  oven  bins.  The  screened  coal  is  loaded  into  box 
cars  by  Smith  gravity  box-car  loaders,  or  direct  into  open  cars. 

Markets. 

The  principal  markets  for  this  coal  are  in  the  United  States 
where  it  is  used  for  railway  and  commercial  purposes;  it  is 
also  used  for  steam  raising  and  heating  purposes  in  the  four 
western  Canadian  provinces.  A  portion  of  the  slack  is  converted 
into  coke,  which  is  used  for  heating  purposes,  and  smelting. 

Crow's  Nest  Pass  District,  Alberta. 

This  district  embraces  that  area  contiguous  to  the  Crow's 
Nest  Pass  Branch  of  the  Canadian  Pacific  Railway  extending 
easterly  from  the  inter-provincial  boundary  to  Burmis. 

Geology. 

The  Fernie  shales  and  Cretaceous  coal  measures  lie 
conformably  on  the  Devono-Carboniferous  limestone.  During 
Laramie  times  the  limestone  series  were  tilted  or  folded  into 
their  present  position  forming  the  Rocky  Mountains.    The 
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coal  slides  down  by  gravity  to  the  main  level  below.  Sketches 
in  Figures  2  and  3  illustrate  these  two  systems. 

All  mines  have  adopted  a  systematic  and  uniform  method 
of  mining,  and  the  total  extraction  is  quite  high.  While  there 
are  some  variations  from  the  adopted  practice,  the  following 
is,  a  more  or  less,  a  typical  example. 

The  chutes  or  rooms  are  driven  up  the  pitch  every  sixty 
feet.  After  ten  chutes  have  been  driven,  one  chute  is  omitted, 
leaving  a  barrier  pillar  110  ft.  wide.  These  barrier  pillars 
divide  the  mine  into  panels  600  ft.  in  width.  Every  tenth 
room  is  carried  through  from  entry  to  the  surface,  for  the 
purpose  of  aiding  ventilation  and  serving  as  a  timber  chute. 
The  chutes  varying  in  length  up  to  1,200  ft.  are  driven  10  ft. 
wide  and  continued  to  the  surface.  After  all  the  chutes  in  a 
panel  have  been  driven,  the  pillars  are  removed.  The  pillars 
are  removed  from  the  surface  towards  the  entry,  but  three 
rows  above  the  entry  are  not  withdrawn,  being  left  to  support 
the  main  entry.  In  removing  the  pillars  they  are  first  attacked 
by  widening  out  the  chute,  on  one  side,  just  below  the  last 
cross-cut.  The  pillars  are  then  sliced  diagonally  and  the  coal 
allowed  to  slide  down  the  chute.  Where  the  roof  has  fallen, 
after  th?  removal  of  a  pillar  above,  a  battery  is  placed  between 
one  side  of  the  chute  and  the  top  of  the  pillar  which  is  being 
withdrawn.  In  this  way  the  rock  is  prevented  from  rolling 
down  upon  the  workmen  and  crashing  through  the  chute  to 
the  entry  below.  In  withdrawing  pillars,  only  one  row  is 
withdrawn  from  each  chute. 

The  coal  is  hauled  from  the  bottom  of  the  chutes  by 
horses  or  compressed  air  locomotives. 

The  following  is  a  typical  example  of  mining  across  the 
pitch: — 

Every  400  feet,  parallel  chutes  30  ft.  apart,  are  driven 
from  the  main  entry  to  the  surface.  These  chutes  are  opened 
up  off  the  counter  level  with  a  width  of  10  ft.  and  widened  to 
14  ft.  a  short  distance  above  the  counter  level.  The  rooms 
are  200  ft.  long  andT4  ft.  wide.  The  room  pillars  are  30  ft. 
wide  and  cross  cuts  are  driven  every  fifty  feet.  A  barrier 
pillar  36  ft.  wide  is  left  between  the  chutes  to  protect  the 
counter  entry.  As  soon  as  all  the  rooms  have  been  driven 
between  any  two  chutes,  the  pillars  are  removed  from  the 
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limestone  ranges  in  this  district  occur  as  the  main  range  of  the 
Rockies  and  the  Livingstone  range;  the  latter  Lieing  some 
fifteen  miles  to  the  cast,  where  the  limestone  is  exposed  on  the 

railway  at  Frank.  The  Laramide  revolution  was  brought 
about  by  a  great  thrust  from  the  west  which  caused  the  folding 
or  tilting  of  the  heavy  limestones  and  the  folding  and  faulting 
of  the  overlying  rocks.  This  folding  and  down  faulting 
resulted  in  a  repetition  of  coal  measures  with  five  or  six  bands 
having  northly  strike,  where  coal  mining  may  now  be  under- 
taken. West  of  the  Livingstone  range  the  coal  dips  to  the 
west.  East  of  the  Livingstone  range,  which  is  caused  by  a 
large  overturned  fold  faulted  on  the  east,  the  dip  of  the  coal 
tends  toward  the  east.  Exceptions  to  this  general  statement, 
are  the  Hillcrest  area,  which  is  in  the  nature  of  a  basin  having, 
on  the  east  a  westerly  dip  and  on  the  west  a  steeper  easterly 
dip;  and  at  Bellevue,  where  the  measures  are  folded  into 
synclines  and  anticlines  possessing  east  and  west  dips. 

The  principal  mining  centres  are  at  Coleman,  Blairmore, 
Bellevue,  and  Hillcrest;  towns  on  the  Crow's  Nest  Branch  of 
the  Canadian  Pacific  Railway.  The  railway  is  located  in  the 
valley  and  its  general  direction  is  at  right  angles  to  the  measures. 
This  affords  comparatively  easy  access  to  the  development 
of  the  coal  seams. 

Mining  Methods. 

The  average  dip  of  the  coal  seams  is  about  thirty- two 
degrees  and  in  general  the  coal  seams  are  opened  up  from  the 
railway  level,  either  by  tunnels  driven  on  the  seam  along  the 
strike  of  the  coal,  or  by  level  rock  cross-cuts  to  the  coal.  The 
coal  is  first  mined  to  the  rise  from  the  tunnel  level.  The  coal 
to  the  dip  is  developed  by  slopes  in  the  coal,  with  levels  varying 
from  three  hundred  to  seven  hundred  feet  apart,  measured 
along  the  pitch  of  the  seams.  Where  two  or  more  workable 
seams  are  ciose  together,  they  are  developed  by  rock  cross-cuts 
from  a  seam  already  developed. 

The  system  of  mining  adopted  is  pillar  and  stall.  Two 
variations  of  this  system  are  in  use.  Stalls  up  the  pitch,  and 
stalls  across  the  pitch;  the  former  being  the  general  rule  in 
which  the  stalls  are  chutes  driven  up  the  full  pitch  and  the 
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outcrop  down  towards  the  entry.  About  eighty-five  per  cent 
of  the  coal  is  recovered.  The  roof  is  a  hard  sandstone,  which 
often  stands  for  a  long  period  even  after  the  pillars  have  been 
removed.  The  floor  is  smooth  and  is  also  composed  of  hard 
sandstone. 

Mining  across  the  pitch  has  the  advantage  of  lessening 
the  breakage  of  coal  and  thus  a  higher  percentage  of  large 
coal  is  obtained. 

In  connection  with  the  mining  of  the  second  or  later  lifts, 
it  is  generally  conceded  that  a  lift  of  from  four  hundred  to 
five  hundred  feet  is  sufficient  to  control  satisfactorily. 
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SKETCH  SHOWING  ALL  THE   ROOMS   DRIVEN    BETWEEN  TWO   PAIRS   OF  CHUTES 

Pillars  are  removed  by  commencing  at  the  point  indicated  by  arrows 

Figure 

All  the  mines  in  this  district  that  are  worked  on  a  large 
scale  are  efficiently  managed  and  are  equipped  with  every 
facility  for  the  protection  of  the  properties  and  lives  of  the 
workmen.  Modern  power  plants,  and  screening  equipment 
for  the  careful  preparation  of  the  coal,  are  installed  at  each 
mine. 

Electric  power  lines  have  recently  been  built  for  the 
purpose  of  supplying  electric  power  to  the  surface  machinery 
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at  these  mines.  This  should  result  in  a  considerable  reduction 
of  costs  during  idle  periods.  A  description  of  the  hydro- 
electric station,  which  supplies  this  power,  is  given  on  another 
page. 

Preparation  of  the  Coal. 
The  principal  market  for  the  coal  is  as  locomotive  fuel, 
in  the  form  of  run-of-mine.    There  is  a  considerable  market 
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however,  in  the  three  western  provinces,  and  the  neighbouring 
states,  for  coal  of  different  sizes.  The  different  grades  shipped 
are  as  follows: 

Lump:  over  4  inch,  2  inch,  and  1  inch,  screens. 

Nut:  through  4  inch,  2  inch,  and  over  Y%  inch  screens. 

Screened:  coal  over  two  inch,  and  y%  inch  screens. 

Steam :  coal  through  two  inch  screen. 

Slack:  coal  through  one  inch  or  hA  inch  screens. 
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It  is  evident  from  the  above  that  there  is  no  standard 
preparation  adopted  in  this  field. 

Because  there  is  a  high  customs  duty  on  coal  over  a 
inch  screen,  entering  the  United  States,  some  of  the  mines 
are  re-arranging  their  plants  to  make  slack  through  a  ?:i  inch 
screen.  The  accompanying  flow  sheet,  a  e  previous  pagej, 
illustrates  the  scheme  of  preparation  adopted  at  one  of  the 
large  mil* 

All  of  the  mines  have  been  well  equipped  with  screening 
plants,  and  adequate  facilities  are  installed  for  picking  and 
cleaning  the  coal. 

Central  Power  Plant. 

Individually,  the  mines  are  all  well  equipped  with  steam 
power  plants,  but  provision  has  recently  been  made  for  con- 
necting the  mines  with  hydro-electric  energy. 

The  East  Kootenay  Power  Company  are  successors  to 
the  British  Columbia  and  Alberta  Power  Company  which 
was  formed  some  two  or  three  years  ago  by  Minneapolis 
interests  who  proceeded  to  develop  a  plant  at  the  falls  on  the 
Bull  river.  The  installation  consisted  of  two,  2.500  k.v.a., 
2,300  volt,  3  phase,  60  cycle,  max.  rated,  generators,  driven 
by  vertical  water-wheels.  The  equipment  included  direct 
connected  exciters  and  the  necessary  auxiliaries,  with  switch- 
board and  voltage  regulator. 

The  capacity  of  this  plant  was  found  to  be  too  small  to 
meet  the  full  demand  for  power  in  the  district  served,  which 
extended  from  Kimberley  and  Cranbrook  on  the  west,  to 
Bellevue  on  the  east. 

The  serving  of  this  district  required  a  transmission  line 
of  approximately  one  hundred  and  twenty  miles  in  length 
with  step-up  transformers  at  Bull  river  station  and  a  sub- 
station for  each  customer  to  be  served.  An  aluminum  line 
was  run  from  Bull  river  to  Cranbrook,  and  also  from  Bull 
river  to  Bellevue.  Later  a  line  was  run  from  Bull  river  to 
Kimberley,  and  it  is  proposed  to  sell  a  large  block  of  power 
to  a  concentrator  being  built  at  that  point.  The  line  voltage 
is  66,000. 

The  company  used  wood-pole  line  construction  with 
aluminum  cable  throughout.  On  the  eastern  portion  of  the 
nile,  that  is,  east  of  the  Divide,  H  frame  or  two-pole  construe- 
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tion  was  used.  This  was  necessary  on  account  of  the  heavy 
winds  encountered  in  the  Crow's  Nest  Pass  District  in  Alberta. 

Seeing  that  the  Bull  river  plant  would  be  quickly  over- 
loaded, the  company  decided  to  develop  power  at  Elko,  a 
short  distance  below  the  Elk  falls.  This  plant  will  consist  of 
two  2,600  k.v.a.  6,600  volt,  3  phase,  60  cycle,  water-wheel 
driven  units,  and  provision  will  be  made  for  the  later  addition 
of  a  third  unit  of  the  same  size.  Each  unit  is  to  be  equipped 
with  direct  connected  exciter  and  separate  excitation  is 
provided  for  in  addition. 

At  the  Elko  Plant,  the  company  have  undertaken  to 
install  the  very  latest  equipment,  in  respect  to  generating  and 
control  equipment.  The  control  equipment  is  designed  to 
take  care  of  load  fluctuations  and  to  provide  for  the  minimum 
possible  amount  of  interruptions,  with  a  view  to  giving  a 
better  service  to  the  customers  in  the  Crow's  Nest  Pass  District. 

There  have  been  some  adverse  comments  regarding  the 
operation  of  an  electric  system  of  120  mile  single  line,  but  the 
company  have  signified  their  intention  of  duplicating  their 
line  and  tieing  the  two  plants  together.  This  will  insure 
customers  in  the  Crow's  Nest  Pass  District  of  a  reliable  source 
of  energy.  It  will  be  quite  safe  for  them  to  install  electric 
motors  for  the  driving  of  their  compressors,  and  other  similar 
machinery,  and  also  of  their  mine-fans. 

The  company  have  arranged  for  modern  lightning-arrester 
protection  for  both  plants,  this  being  very  necessary  in  this 
district.  Thus,  excellent  protection  is  provided  against  inter- 
ruptions from  this  cause. 

Comments  have  been  made  with  respect  to  voltage 
conditions  at  the  end  of  the  transmission  line,  but  the  com- 
pany have  signified  their  intention  of  providing,  at  the  earliest 
possible  moment,  corrective  equipment  to  take  care  of  any 
irregularities  in  the  voltage.  This  corrective  equipment  will 
work  automatically  as  the  load  increases  and  therefore,  it  is 
reasonable  to  expect  that  in  the  course  of  a  few  months,  the 
voltage  supplied  will  be  satisfactory  to  all. 

At  the  present  time,  the  customers  being  served  are: — 

The  Consolidated  Mining  and  Smelting  Company  of 
Canada,  at  Kimberley,  B.C. 

Corporation  of  Cranbrook,  B.C. 
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Corporation  of  Fernie,  B.C. 

Crow's  Nest  Pass  Coal  Co.  Ltd.,  Coal  Creek,  B.C. 

McGillivray  Creek  Coal  and  Coke  Co.  Ltd.,  Coleman,  Alta. 

International  Coal  and  Coke  Co.,  Ltd.,  Coleman,  Alta. 

West  Canadian  Collieries  Ltd.,  Blairmore  and  Bellevue, 
Alta. 

It  is  anticipated  that  as  soon  as  the  Elko  Plant  is  running, 
other  mines  not  yet  served  will  immediately  take  advantage  of 
being  able  to  obtain  electric  power. 

Customers  installing  electric  power  for  their  plants  should 
make  sure  that  they  put  in  the  necessary  protective  and  control 
equipment.  Circuit  breakers  must  be  made  large  enough  to 
rupture  any  short  circuit  that  it  is  possible  to  build  up  under 
the  particular  conditions  involved,  otherwise,  serious  trouble 
may  result  for  the  user.  Protective  equipment  of  ample 
capacity  is  so  easily  procurable,  that  it  is  quite  unnecessary 
to  take  any  chances. 

The  policy  of  the  East  Kootenay  Power  Company  is, 
evidently,  to  give  their  customers  the  best  service  possible, 
under  the  conditions  to  be  met  with  in  that  district.  That 
the  company  will  succeed  in  this,  as  soon  as  their  new  plant 
is  in  operation,  is  beyond  question.  The  market  for  power  in 
the  district  served  is  excellent  and  as  all  of  the  customers 
possess  marked  financial  standing  the  business  should  be 
profitable.  The  power  service  should  be  equally  profitable 
to  the  customers.  By  the  use  of  electric  power  they  will  be 
enabled  to  dispense  with  large  steam  plants,  entailing  heavy 
operation  and  repair  expense,  thereby  avoiding  the  costly 
item  of  stand-by  losses. 

Banff  District. 

While  the  coal  of  the  Kootenay  formation  is  chiefly 
bituminous,  the  coal  in  the  Cascade  basin  has  been  altered 
to  semi-anthracite  and  anthracite,  the  greatest  alteration  being 
found  near  Banff.  This  basin  has  been  estimated  to  contain 
400,000,000  tons  of  anthracite  and  1,200,000,000  tons  of  semi- 
anthracite  and  bituminous  coal.  Mines  at  Canmore  and 
Bankhead  have  been  operating  in  this  area,  although  the  Bank- 
head  mines  were  closed  about  a  year  ago. 
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The  coal  measures  in  this  area  have  been  sharply  folded 
between  two  limestone  ranges 

Canmore  Coal  Co.  Ltd. 

This  mine  is  situated  on  the  right  bank  of  the  Bow  river 
west  of,  and  adjoining  the  town  of  Canmore.  A  short  spur 
line  connects  the  mine  with  the  Canadian  Pacific  Railway. 
Two  seams,  five  feet  in  thickness  are  being  worked  on  the 
property.  Owing  to  the  measures  being  sharply  folded  the 
dips  vary  from  flat  to  vertical.  The  mine  is  developed  by 
slope,  and  levels  are  driven  to  give  lifts  of  about  800  feet. 

The  method  of  mining  is  room  and  pillar  on  the  flat  or 
low  dip  portions,  and  the  angle  system  on  the  vertical  or 
steep,  dips.  Compressed  air  locomotives  are  used  for  haulage 
underground. 

Canmore  coal  is  a  high  grade  semi-anthracite,  and  is  used 
principally  as  a  locomotive  fuel,  although  a  portion  is  used 
for  heating  and  power  purposes.  In  the  screened  sizes  it 
makes  a  good  grade  of  domestic  fuel.  About  ninety-nine  per 
cent  of  the  coal  is  shipped  as  mine  run. 

Table  A — Coal  Seams,  Bankhead  Mines. 


Seam. 

Thickness. 

True  thickness  of 
intervening  strata. 

Remarks 

No.    0 

4  ft. 

33  ft.  to  No.     1  sea 

m      A  workable  seam  but 
not  worked 

1 

10  ft. 

30  "                 2      ' 

i                                              14                         44 

2 

8  ft. 

110  "                 3      ' 

Was  worked 

3 

10  ft. 

215  "         "        3H  ' 

i                                   a                   14 

4 

12  ft.  6  in. 

75  "                 5      ' 

<                                   tt                   •  i 

5 

8  ft. 

140  "                  6       ' 

4                                                »4                           44 

6 

8  ft. 

45  "                 7      * 

i                                        44                       14 

t 

90  "                 8      ' 

Have  been  prospected 

8 

80  "                 9      ' 

4                                                     44                        44 

9 

187  "         "      10       ' 

4                                                     (4                        44 

10 

19  "         '*      11       ' 

4                                                           4  4                          4  4 

Bankhead  Mines. 

This  mine  is  now  closed  down,  but  the  following  is  a  brief 
description  of  its  operation: — 

The  mine  is  situated  in  the  Rocky  Mountain  Park  on  the 
Cascade  river,  five  miles  east  of  Banff.    A  branch  line,  two 
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and  one-half  miles  in  length,  connects  the  mine  with  the  main 
line  of  the  Canadian  Pacific  Railway  at  Bankhead  junction. 
Eleven  coal  seams  have  been  found  on  this  property;  all  of 
which  have  been  worked  or  prospected  to  some  extent. 

The  table  and  accompanying  section,  (see  table  A  previous 
page)  indicates  the  position  and  thickness  of  the  seams  as 
obtained  from  a  section  at  No.  30  manway,  No.  2  seam. 

The  entrance  to  the  mine  is  through  a  tunnel  5,000  feet 
long,  having  a  double  track,  with  a  manway  between  the  tracks. 
The  tunnel  is  driven  through  gravel  for  1,200  feet  to  the  inter- 
section with  the  No.  2  seam.  Eleven  seams  are  intersected, 
by  this  tunnel,  at  an  angle  of  about  45  degrees,  and  all  of  these 
seams  have  been  more  or  less  developed.  The  No.  2  seam 
has  been  the  most  extensively  worked,  both  from  the  main 
tunnel,  and  from  an  old  entry  at  a  higher  level.  Seams  Nos. 
4,  5  and  6  have  been  developed  from  the  main  tunnel  and 
from  "B"  level. 

Table  B — Classification  of  Anthracite  Output  Bankhead  Mines. 


Name 


Broken 

Egg 

Stove 

Nut 

Pea 

Buckwheat  No.  1 
2 
3 

Dust 

Rock 


Size 


Through 


3 

3M 
2H 
llA 
1 
9/16 
5/16 


in.  bar 
holes 


Over 


334  in.  round  holes 

2V2  "  " 

\y2  "  " 

1  "  " 

9/16  "  " 

5/16  "  " 

1/8  "  " 


Per  cent  of 
output 


10.0 
3.0 
3.5 
6.5 
8.0 
6.0 
5.0 
9.0 
35.0 
14.0 


Method  of  Mining. 

The  system  of  mining  was  by  pillar-and-room.  The 
practice  was  to  drive  the  rooms  10  ft.  wide  and  leave  40  foot 
pillars.  The  chutes  were  turned  off  at  such  an  angle  from 
the  counter  gangway  as  to  give  them  an  inclination  of  30  deg. 
Crosscuts,  8  ft.  in  width,  were  driven  through  the  room  pillars, 
in  steps,  60  ft.  apart. 


Economic  Study  of  Coal  Mining— Dick 


161 


u 
3 

- 


162  Economic  Sirnv  oi   Coal  Mining— Dick 

To  prepare  anthracite  coal  for  the  market  it  is  necessary 
to  remove  the  dust  and  impurities,  and  separate  it  into  different 
sizes.  The  sizes,  with  the  percentage  of  each  obtained  at  the 
mine,  table  B  previous  page. 

The  company  found  a  market  for  all  of  these  sizes,  with 
the  exception  of  No.  3  buckwheat,  which  was  used  under  the 
boilers.  The  dust  is  made  into  briquettes  in  the  briquetting 
plant. 

Briquetting  Plant. 

The  briquetting  plant,  which  is  of  importance  as  being 
the  only  successful  briquetting  plant  in  Canada,  consists  of 
two  units  with  a  capacity  of  500  tons  in  24  hours.  Each  units 
is  run  by  a  14  x  20  in.  duplex  steam  engine.  Only  one  pitch 
tank  is  used  for  feeding  the  mixers. 

The  dust  resulting  from  the  mining  and  sizing  of  the  coal, 
constituting  35  per  cent  of  the  output,  is  conveyed  from  the 
breaker  dust-bin  by  means  of  a  scraper  conveyer,  to  the  dust- 
bin in  the  briquette  plant,  and  is  fed  from  the  bin  to  the  rolls 
by  means  of  an  automatic  feed.  It  then  passes  through  the 
crusher  and  is  elevated  to  the  mixers,  of  which  there  are  six 
placed  at  right  angles  to  each  other  in  each  unit.  The  mixers 
consist  of  2 y2  ft.  x  2l/2  ft.  brick  flues  in  which  shafts,  with 
deflecting  arms,  rotate  at  sufficient  speed  to  keep  the  coal  in 
suspension  above  the  centre  of  the  shaft.  The  products  of 
combustion,  from  a  black  heater,  are  passed  directly  through 
the  coal  dust  in  the  mixers.  In  mixers  1,  2  and  3,  the  dust  is 
dried  and  heated  to  a  temperature  of  about  300  deg.  F.  At  the 
lower  end  of  No.  3  mixer,  the  pitch  is  introduced  by  means  of 
an  atomizer.  This  pitch  vapour,  passing  through  the  cloud 
of  dried  and  heated  coal,  coats  each  particle  evenly.  No.  5 
mixer  is  used  to  heat  up  and  spread  any  pitch  balls  that  may 
be  formed.  No.  6  mixer  is  used  for  cooling.  From  No.  6 
mixer  the  material  is  elevated  to  the  press  hopper  and  briquetted 
in  the  press.  The  press  has  a  briquetting  roll,  the  surfaces  of 
which  are  made  of  discs,  forming  pillow  shaped  briquettes. 
One  unit  of  the  briquetting  plant  makes  briquettes  23^  in. 
square  by  \y%  in.  thick  in  the  centre.  The  other  unit  makes 
briquettes  4J^  in.  by  2K  in.  by  1%  in.  in  the  centre. 
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From  the  press  the  briquettes  are  carried  by  belt-con- 
veyers to  the  distributor  over  the  cooling  table.  They  are 
carried  back  and  forth  the  length  of  the  table  for  about  one 
hour,  and  are  then  dropped  onto  a  conveyer,  which  carries 
them  to  the  briquette  bins  in  the  breaker.  From  these  bins 
they  are  loaded  into  railway  cars. 

The  pitch  used  in  the  plant  is  by-product  coke  oven  pitch. 
It  costs  in  the  neighbourhood  of  $18.  per  ton  at  the  mine,  and 
is  brought  from  Sault  Ste.  Marie,  Ont.,  in  tank  cars  fitted 
with  steam  pipes  so  that  they  can  be  heated  to  facilitate  dis- 
charge. The  pitch  car  is  delivered  on  the  siding  just  above 
the  pitch  tanks,  and  by  connecting  the  car  with  a  steam  pipe, 
the  tar  is  heated  and  flows  by  gravity  down  a  steam-heated 
trough  to  the  pitch  house.  The  pitch-house  contains  two 
tanks  14  ft.  x  7  ft.  and  10  ft.  deep,  which  are  heated  by  steam 
coils. 

The  tar  is  pumped  from  the  bottom  of  the  tanks  by 
centrifugal  pumps  and  delivered  to  the  pitch  tank  in  the 
briquetting  plant. 

From  the  above  description  of  the  plant,  it  can  be  seen 
that  the  operations  are  continuous  and  are  performed  mechan- 
ically through-out,  thereby  effecting  economy  in  labour  and 
maintaining  a  maximum  output. 

Brazeau  District. 

This  coal-field  extends  in  a  north  and  south  direction  for 
forty-six  miles  between  the  North  Saskatchewan  and  main 
Brazeau  rivers.  The  width  of  the  coal  basin  has  been  estim- 
ated to  be  about  seven  miles. 

The  mines  of  the  Brazeau  Collieries  Limited  are  located 
at  Nordegg,  Alberta,  which  is  four  miles  inside  the  Brazeau 
Mountain  range,  through  the  Mile  Creek  gap.  At  this  point 
the  company  are  working  coal  seams  that  lie  between  Mire 
Creek  and  the  Valley  of  the  Saskatchewan  River.  The  com- 
pany control  approximately  28,000  acres  of  coal  lands  through- 
out the  coal  basin. 

The  mines  are  served  by  the  Brazeau  Coal  Line  which 
connects  with  the  Canadian  National  Railway  at  Warden  on 
the  Calgary  Edmonton  line.  The  branch  line  is  operated  by 
the  Canadian  National  Railways. 
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Shipments  of  coal  from  these  mines  commenced  in  1914, 
the  amount  of  coal  mined  since  that  year  is  shown  in  the  fol- 
lowing table.  The  coal  is  bituminous  and  of  good  coking  qua- 
lity. 

1914 155,000  tons 

1915 217,000 

1916 281,000 

1917 255,000 

1918 355,000 

1919 283,000 

1920 412,000 

1921 441,000 

1922 322,000 

2,721,000 

Jan.  1923 66,000 


Total 


2,787,000  tons 


Plate  5.         Brazeau  Collieries  Limited,  Nordegg,  Alberta. 

The  mines  are  located  approximately  2000  feet  from 
the  bankhead  and  are  connected  therewith  by  an  electric  trolley 
haulage. 

The  bank  head  is  equipped  with  two  power-driven  re- 
volving mine-car  dumps,  together  with  the  usual  creeper 
system  for  loaded  and  empty  cars. 
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The  loading  plant  is  equipped  with  a  Marcus  screen,  and 
box-car  loader  at  the  railway  tracks.  A  34-inch  conveyor 
belt  500  feet  long  conveys  the  coal  from  the  top  tipple  to  the 
Marcus  screen. 

Two  coal  seams,  Nos.  2  and  3  are  being  worked.  The  No. 
3  seam  is  6  feet  thick,  while  the  No.  3,  which  overlies  No.  2, 
150  feet  vertically,  is  14  feet  thick.  Both  seams  have  a  pitch 
of  12  degrees. 

The  system  followed  during  the  past  three  years  of  working 
these  seams,  has  been  the  ordinary  advancing  method  of  room- 
and-pillar,  with  rooms  15  feet  and  pillars  60  feet  wide.  This 
system  of  working  was  abandoned  recently  and  the  retreating 
room-and-pillar  concentration  method  of  working,  has  now 
been  adopted. 

Inclines,  in  pairs,  every  1500  feet,  are  driven  through  to 
the  outcrop.  The  average  distance  from  the  main  level  to 
the  outcrop  is  approximately  3,000  feet.  The  seams  are  being 
developed  in  panels  of  1500  feet  on  the  strike  and  1000  feet  on 
the  pitch.  In  the  two  seams,  combined,  there  is  now  developed 
some  8,000,000  tons  of  coal. 

The  general  scheme  of  development  is  to  drive  the  main 
levels  to  the  outcrops  in  the  Saskatchewan  valley,  three  and  a 
half  miles  from  the  mouth  of  the  mines.  It  is  then  proposed  to 
sink  slopes  for  a  2,500  foot  lift  and  to  remove  this  together 
with  the  3,000-foot  rise  lift,  retreating.  The  main  levels  in 
No.  2  seam  are  now  driven  approximately  two  and  a  half  miles 
into  the  hill. 

Ventilation.  At  the  mouth  of  each  mine  there  is  installed 
a  Jeffrey  double-inlet  fan  capable  of  passing  250,000  cubic 
feet  of  air,  at  2-inch  water  gauge,  per  minute. 

The  outcrop  splits  are  ventilated  by  electrically-driven 
auxiliary  fans  of  the  Venturi  type.  Inclines  that  are  opened 
through  to  the  outcrop,  are  used  as  main  air-intakes  thus  re- 
ducing the  length  of  the  air-ways. 

Haulage.  The  face  haulage  is  operated  by  "McGinty" 
balances,  while  the  secondary  haulage  is  controlled  by  means 
of  gravity-incline  drums.    Trains  are  made  up  of  five  cars, 
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each  containing  3,000  pounds  of  coal.  The  main  haulage  is 
served  by  electric  storage-battery  locomotives.  There  are 
four,  5-ton,  locomotives  in  use,  each  locomotive  proceeding 
to  the  surface  twice  a  shift  to  change  batteries.  A  spare  set 
of  batteries  is  kept  for  each  locomotive. 

Power  Plant.  All  mine  equipment  is  operated  electrically, 
the  power  plant  consisting  of  the  following  installation. 

4  —  150  H.P.  return-tubular  boilers 

2  —  185  K.V.A.  2,200  V.  60-cycle  steam-driven  generators 

1  —  500  K.V.A.  2,200  V.  60-cycle  steam-turbine-driven 
generator. 

1  —  Ideal  spare  engine  for  driving  a  100  H.P.  direct- 
current  generator. 

The  two  185  K.V.A.  generators  are  held  in  reserve.  The 
500  K.V.A.  generator  supplies  the  necessary  power  for  the  whole 
mine  both  on  the  surface  and  underground. 


Mountain  Park  District. 


This  district  embraces  the  areas  being  worked  at  Cadomin 
Luscar,  and  Mountain  Park.  These  mines  are  served  by  the 
Mountain  Park  Coal  Branch,  some  31  miles  in  length,  which 
connects  with  the  Canadian  National  Railway  at  Coalspur. 
This  branch  railroad,  however,  is  operated  by  the  Canadian 
National  Railways  System.  The  Luscar  Collieries  have  con- 
structed, from  Leyland,  a  branch  railway  some  seven  miles 
in  length  to  their  Collieries,  this  line  also  is  operated  by  the 
Canadian  National  Railways. 

Geology. 

The  Mountain  Park  Coal  Company's  mines  are  located 
on  the  south-end  of  the  field,  and  are  separated  from  the 
Cadomin,  Luscar  area,  by  the  Nikanassin  limestone  range. 
The  attitude  of  the  limestone  is  a  large  overturned  fold,  with 
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the  fold  towards  the  north-west,  this  causes  the  coal  measures 
to  repeat  on  the  Cadomin  side  of  the  range.  The  coal  dips 
in  a  northerly  direction  from  Cadomin,  and  although  the 
geology  has  not  been  thoroughly  worked  out  it  is  believed 
that  the  lower  measures,  as  well  as  upper  measures  not  re- 
presented at  Cadomin,  occur  at  Luscar  further  to  the  north- 
west. At  Cadomin,  reverse  dips  toward  the  limestone  are  the 
rule,  due  to  the  fact  that  the  area  is  near  the  base  of  the  over- 
turned fold.  At  Mountain  Park  the  measures  are  more  or  less 
disturbed  by  rolls,  but  at  Cadomin  the  measures  are  very 
regular. 

The  coal  produced  from  this  field  is  a  very  high  grade 
bituminous  coking  coal,  especially  adapted  for  locomotive  use 
and  power  purposes. 

Mountain  Park. 

One  seam,  known  as  No.  3,  is  being  worked.  It  is  30-40 
feet  in  thickness,  but  only  the  lower  bench  of  ten  feet  is  mined. 
The  dip  is  very  irregular  but  will  average  about  twenty-five 
degrees.  Development  is  by  means  of  a  slope  on  the  dip  of 
the  seam.  This  slope  has  reached  a  depth  of  2,200  feet. 
Three  lifts  500-600  feet  apart  are  working  off  this  slope.  The 
room  and  pillar  method  of  working  is  used,  the  rooms  starting 
off  the  level  and  are  driven  up  the  pitch.  Rooms  are  12  feet 
wide  and  the  pillars  40-60  feet  wide.  The  measures  are 
affected  by  'rolls'  which  change  the  dip  and  strike  and  also 
the  thickness  of  the  seam.  Sometimes  the  bending  of  the 
measures  is  upwards  and  sometimes  downwards,  but  it  rarely 
happens  that  the  seam  is  pinched  out  entirely. 

Main  rope  haulage  is  used  on  the  slope,  and  horse  haulage 
on  the  levels.  No  coal  cutters  are  in  use,  the  only  machinery 
underground  being  electric  driven  pumps. 

On  the  tipple  a  wire  screen  is  used  for  taking  the  slack 
out  of  the  coal  before  it  goes  on  to  a  picking  table.  The 
slack  and  screened  coal  are  then  mixed  and  loaded  as  mine- 
run  coal.  An  Ottumwa  Box-car  Loader  is  used  for  loading 
the  coal. 

Luscar. 

Two  seams  are  being  worked,  the  Jewel  and  Point  Creek. 
The  Jewel  seam  averages  35  feet  in  thickness  with  a  dip  of 
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40  degrees.  Development  is  by  an  adit  level  now  advanced 
to  3,000  feet.  Only  one  lift  is  worked  to  the  outcrop,  its 
maximum  length  being  500  feet.  Rooms  up  the  pitch  are 
12  feet  wide,  and  the  pillars  are  40  feet  wide.  Method  of 
working  is  by  room  and  pillar,  with  rooms  10  feet  high  and 
driven  in  the  lower  part  of  the  seam.  Point  Creek  seam  is 
22  feet  thick,  and  is  opened  by  an  adit  level,  but  there  is  no 
development  as  yet.  The  dip  is  65  degrees.  Horse  haulage 
is  used  in  both  cases. 

All  coal  is  loaded  as  mine-run  over  a  temporary  tipple. 

Cadomin  Coal  Company,  Ltd. 

There  are  three  outcrops  which  extend  regularly  across 
the  property.  The  thickness  of  the  seams  vary  from  twenty- 
three  to  forty  feet. 

The  railway  crosses  the  low  measures  at  a  right  angle  and 
affords  easy  development  of  the  areas  lying  to  the  east  and 
west  of  the  valley. 

One  seam  has  been  developed  by  an  adit  level  some 
6,500  feet  in  length. 

Mines  have  been  opened  up  on  two  outcrops  above  the 
valley  level.  There  have  been  shown  to  be  two  outcrops  of 
one  seam  forming  a  sharp  synclinal  basin.  The  bottom  of  the 
syncline  has  been  tapped  by  a  level  rock- tunnel  some  2,000 
feet  in  length.  This  affords  the  development  of  what  might 
be  considered  as  two  seams  from  the  main  rock-runnel  entry, 
with  counter  levels  in  each  seam. 

The  main  entry  will  be  continued  in  rock  with  rock-raises 
or  crosscuts  to  the  seams  every  panel  distance.  This  will 
give  a  development  on  the  panel  system,  which  will  adequately 
protect  one  panel  from  the  other  in  case  of  fire  or  other  accident. 

The  dip  of  the  seams  vary  from  45  degrees  to  vertical. 
On  account  of  the  great  thickness  of  the  coal  and  the  high  pitch 
the  mines  are  worked  on  the  angle  system. 

Jasper  Park  District. 

This  district  is  situated  on  the  Canadian  National 
Railways,  on  the  Edmonton  to  Vancouver  transcontinental 
line,  at  the  entrance  of  the  Yellowhead  pass. 
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The  genera]  attitude  of  the  limestone  mountains  at  this 
point  is  an  anticlinal  dome.  This  anticline  pitches  northwest, 
and  in  front  of  Bulrush  Mountain,  which  forms  the  edge  of 
the  Rockies,  at  Brule  Lake,  the  lowest  beds  exposed  are  of  the 
Kootenay  formation.  In  these  beds  three  coal  seams  occur, 
two  of  which  are  being  worked  by  the  Blue  Diamond  Coal 
Company,  Limited,  the  only  operator  in  this  field,  at  the 
present  time. 

There  are  three  seams  on  the  property:  No.  1  (the  upper 
seam);  No.  2  (middle  seam);  and  No.  3  (the  lower  seam). 
Development  has  been  chiefly  in  connection  with  the  upper 
and  middle  seam  and,  at  present,  work  is  entirely  confined  to 
the  No.  2  seam.  The  average  thickness  of  the  three  seams 
are  as  follows:  No.  1,  7  ft.,  No.  2,  10  ft.,  and  No.  3,  5  feet. 
Owing  to  the  bent  and  folded  condition  of  the  seams  the  dip 
varies  from  six  to  eighteen  degrees. 

The  No.  2  seam  has  been  developed  by  a  main  slope, 
which,  driven  through  rock  for  a  distance  of  1,000  feet,  inter- 
sects, at  an  angle  of  35  degrees,  the  deepest  basin,  which  it 
has  continued  to  follow  for  a  total  distance  of  1,200  feet  in  coal. 

A  feature  of  the  formation  is  the  flat  pitch  on  the  right, 
or  eastern  limbs,  and  a  steeper  pitch  on  the  left,  or  western 
limbs.  On  the  right  limbs  the  pitch  varies  from  five  to  forty 
degrees,  whereas,  on  the  left  limbs,  in  some  places,  it  is  nearly 
vertical  and  probably  averages  about  seventy-five  degrees. 
Three  parallel  synclines  have  been  developed,  and  the  inter- 
vening anticlines,  between  these,  pitch  downwards  more 
rapidly  that  the  bottoms  of  the  synclines,  eventually  forming 
a  large  flat  basin,  which  is  the  development  objective  of  the 
present  main  slope. 

The  main  slope  is  started  from  tipple  level  and  the  scheme 
of  development  is  to  make  a  connection  with  the  upper  seam 
and  haul  coal,  eventually,  through  one  opening. 

A  large  quantity  of  coal  has  been  mined  from  a  high  level 
tunnel  connected  with  the  tipple  by  an  inclined  self  acting 
tramway,  which  has  been  abandoned  for  the  time  being  in 
view  of  the  approaching  connection  through  the  main  slope. 

A  very  large  tonnage  of  coal  is  available  in  the  upper 
section  of  the  mountain,  which  will  be  eventually  opened  up 
by  tunnels  and  connected  with  the  tipple  by  inclined  tramways. 
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The  method  of  hauling  adopted  in  the  main  slope  at 
present  is  by  main  and  tail-rope,  haulage  ten  tons  per  trip. 
The  installation  of  an  endless  rope  haulage  is  in  progress  and 
will  be  completed  in  the  course  of  about  a  month  from  date. 

The  method  of  mining  is  by  breast  and  angle  system  with 
100  ft.  pillars. 

Ventilation  is  effected  with  a  Walker  Indestructible  Fan 
having  a  capacity  of  200,000  cubic  feet  of  free  air  per  minute. 
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Figure  9. 

Each  side  of  the  mine  is  separately  ventilated  by  independent 
splits,  each  landing  having  a  separate  split.  Doors  in  the 
mine  are  completely  eliminated  by  this  system. 

The  new  tipple  has  a  capacity  of  3,000  tons  per  day,  and 
has  a  double  rotary  dump,  grizzley  screens  and  a  picking  belt, 
100  feet  long  and  60  inches  wide.  The  rock  is  conveyed 
through  the  rotary  dump,  and  with  the  refuse  picked  from 
the  belt  passes,  by  conveyor,  direct  to  a  bin  on  the  railway  track. 
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Storage  capacity  is  available  for  700  tons  of  coal,  with 
three  loading  chutes,  over  the  railway  tracks.  The  chart  (see 
previous  page)  illustrates  the  flow  of  the  coal  from  the  rotary 
dump  to  the  railway  cars. 

The  power  plant  consists,  in  all,  of  six  return  tubular 
boilers  with  a  total  capacity  of  700  h.p.,  a  Sullivan  Compressor 
with  a  capacity  of  2,000  cubic  feet  of  free  air  per  minute,  and 
a  375  k.w.  Bellis-Morcom-Engine  generator.  An  additional 
unit  of  400  k.w.  Bellis-Morcom-engine  generator  of  the  same 
type  is  being  installed. 

The  mine  is  well  equipped  with  machine  shops,  carpenter, 
and  blacksmith  shops,  all  having  machine  installations  for 
doing  the  work  necessary  for  the  maintenance  of  the  plant. 

Belly  River  Coals. 

The  coals  that  belong  to  the  Belly  river  horizon  have  a 
underspread  distribution.  The  coal  is  high  grade  sub- 
bituminous,  low  in  moisture  and  ash  and  high  in  B.T.U.'s.  Coal 
mining  is  being  carried  on  in  the  following  principal  fields. 
Lethbridge,  Taber,  Saunders  Creek,  and  along  the  Coalspur 
branch  of  the  Canadian  National  Railways. 

Lethbridge  Coal  Field. 

The  Lethbridge  coal-field  forms  a  basin  with  its  southerly 
outcrop  at  the  city  of  Lethbridge;  the  axis  of  the  basin  is 
approximately  north  and  south.  The  dips  are  low  but  the 
coal  is  badly  displaced  by  a  great  number  of  upthrow  and  down- 
throw faults.  There  is  no  general  direction  of  faulting  although 
north  to  south  and  east  to  west  faults  are  more  common; 
local  faults  often  have  a  displacement  up  to  twenty-five  feet. 
The  depth  of  cover  over  the  coal  varies  from  the  outcrop 
up  to  about  650  feet  at  the  bottom  of  the  basin.  Mining 
has  been  carried  on  in  this  field  for  a  great  number  of  years. 

Mining  Methods. 

Coal  mining  in  the  Lethbridge  field  is  difficult  and  costly 
for  the  following  reasons: 
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(a)  The  great  cover  necessitates  the  sinking  of  deep 
shafts  and  the  timbering  costs  are  high;  again  the  upkeep 
is  high  due  to  more  or  less  idle  time  in  the  summer. 

(b)  The  many  faults  effect  the  cost  as  well  as  the  method 
of  mining. 

(c)  The  following  table  indicates  a  more  or  less  general 
section  of  the  coal  seam. 

Draw  slate  0'  —  8' 

Coal  4'  —  3' 

Bone  0'  —  8' 

Coal  0'  —  5' 

Clay  0'  —  4' 

From  this  it  can  be  seen  that  the  total  coal  in  the  seam  does 
not  exceed  4'  -  8"  in  thickness. 

(d)  The  draw  slate  and  bone  in  the  seam  require  large 
and  expensive  surface  plants  to  efficiently  clean  the  coal. 

(e)  During  idle  time  the  overhead  is  heavy. 

The  method  of  mining  has  been  fairly  well  standardized 
in  this  field  after  the  Gait  mines  practice.  However,  market 
conditions,  during  the  last  few  years  have  changed  somewhat, 
and  the  ideal  system  would  provide  for: — 

(1)  Little  or  no  up-keep  during  idle  times. 

(2)  Concentration  of  operations  so  as  to  permit  of  large 
production  from  very  little  development. 

A  modified  system  of  longwall  or  shortwall  mining,  if 
practicable,  would  give  this  result. 

To  make  a  success  of  this  system  requires  the  adoption 
of  a  rapid  method  of  cutting  and  installation  of  facilities  for 
loading  ou  at  cut  per  shift.  Experiments  along  these  lines  are 
now  being  made  by  the  writer  and  although  it  is  too  early 
to  announce  results  the  prospects  tor  a  solution  are  bright. 

Mining  Methods. 

All  the  large  mines  in  this  field  have  been  opened  up  by 
vertical  shafts  varying  from  three  hundred  to  six  hundred  feet 
in  depth. 

The  system  of  mining  is  the  panel  method,  room  and 
pillar,  the  rooms  varying  in  width  at  the  different  mines, 
from  18  to  33  feet,  the  room  pillars  varying  from  ten  to  twenty 
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feet  in  thickness.  The  accompanying  sketch  shows  the  method 
of  working  No.  6  Gait  Mine,  Department  of  Natural  Resources* 
C.P.R.  Railway. 
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Figure  11. 


The  coal  is  undercut  by  compressed  air  puncher-machines. 
The  shooting  is  done  with  black  powder  although  the  use  of 
'permitted  explosives'  is  the  general  rule  at  these  mines. 

Endless  rope  haulage  is  used  on  the  main  roads,  and 
horse  haulage  on  the  butt  entries. 
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Preparation. 

The  coal  is  thoroughly  sized  and  picked  at  well  equipped 
screening  plants. 

The  chart  (see  previous  page)  is  a  flow  sheet  outlining 
screening    operations. 

It  will  be  noted  that  spiral  separators  are  used  for  auto- 
matically separating  the  bone  and  slate  from  the  stove  and 
pea  coals.  These  were  introduced  by  the  writer  some  three 
years  ago,  and  are  giving  satisfaction.  Unlike  most  coal 
cleaning  appliances,  spiral  separators  work  on  the  principle 
of  different  surface  frictional  resistances  between  slate,  bone, 
and  coal,  not  on  differences  of  specific  gravity.  This  installation 
was  the  first  of  its  kind,  cleaning  other  than  anthracite  coal, 
to  be  installed  in  Canada. 

Markets. 

The  coal  is  used  principally  for  domestic  purposes  in  the 
four  western  provinces,  but  a  very  small  portion  is  shipped  to 
the  neighbouring  state  of  Montana. 

Saunders  Creek  District. 

This  is  a  comparatively  new  field  situated  on  the  C.  N. 
Railway,  between  Rocky  Mountain  House  and  Nordegg. 
Although  it  is  believed  that  the  coal  seams  in  this  field  belong 
to  the  Belly  river  formation,  the  moisture  content  is  about 
four  per  cent  lower  than  in  the  Lethbridge  field,  on  account 
of  the  more  intense  folding  in  the  Saunders  field.  There  are 
two  known  workable  seams,  No.  1  and  No.  2,  with  some  sixty 
feet  of  measures  in  between.  The  lower  or  No.  2  seam  is 
about  four  and  a  half  feet  thick  and  its  dip  is  about  six  degrees. 
It  is  not  possible  to  give  a  description  of  each  of  the  small 
mines  in  this  district.  The  following  is  a  description  of  the 
Saunders  and  Bighorn  Coal  Company's  mine,  which  is  the 
largest  in  the  field. 

Mining  Methods. 

The  mine  is  developed  by  a  coal  gangway  driven  in  the 
seam  for  a  distance  of  about  four  thousand  feet.  Every  three 
hundred  feet,  a  pair  of  inclines  are  driven  up  the  pitch,  from 
which  rooms  are  turned  off  at  right  angles  to  the  inclines, 
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every  forty  feet.  The  room  necks  are  twelve  feet  and  the 
room  widths  are  twenty  four  feet  wide.  When  the  rooms 
have  been  advanced  one  hundred  and  fifty  feet  the  pillars 
are  taken  out  in  retreat.  In  this  way  a  high  extraction  of 
coal  is  secured. 

The  coal  is  undercut  to  a  depth  of  six  feet  by  means  of 
radial  machines.  The  cutting  is  done  in  the  roof  immediately 
above  the  coal  in  a  soft  stratum  of  'cap-rock'.  Two  holes 
are  drilled  near  each  rib  and  sometimes  a  centre  shut  is  used. 
Slow  speed  'permitted  explosives'  are  used  for  blasting.  Com- 
pressed air  hoists  are  used  for  haulage  on  the  inclines.  Main 
and  tail  rope  haulage  is  used  on  the  main  gangway. 

Two  grades  of  coal  are  made.  Lump  over  a  1J4"  screen 
and  coal  through  a  Vy±"  screen,  sold  as  slack.  The  lump 
coal  is  used  for  domestic  purposes  and  the  slack  is  sold  as  a 
high  grade  steam  coal. 

The  mine  has  a  well  equipped  power  plant,  and  the 
housing  accomodation  for  the  employees  is  of  a  high  standard. 

Taber  District. 

The  Taber  coal  field  belongs  to  the  Belly  river  formation 
but  the  Lethbridge  coal  basin  and  the  Taber  coal  basin  are  not 
connected;  each  form  separate  basins. 

The  coal  seam  mined  in  the  vicinity  of  Taber  is  some- 
what similar  to  that  worked  at  Lethbridge,  but  has  a  rather 
higher  ash  content. 

The  mines  are  situated  near  Taber,  a  town  on  the  Canadian 
Pacific  Railway,  thirty  miles  east  of  Lethbridge.  The  coal 
seam,  4  feet  6  inches  in  thickness,  is  comparatively  flat,  and 
lies  about  one  hundred  feet  beneath  the  surface. 

The  system  of  mining  adopted  in  this  field  is  room-and- 
pillar  and  longwall.  Electric  coal  cutters  are  used  for  under- 
cutting. 

The  coal  is  screened  and  picked  at  well  equipped  screening 
plants,  and  the  sizes  marketed  are  lump,  stove,  pea,  and  slack. 

Coalspur  District. 

This  district  embraces  the  area  contiguous  to  the  Alberta 
Coal  Branch  line  of  the  G.  T.  P.  Railway  (now  a  part  of  the 
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Canadian  National  Railway  System)  which  runs  from  Coalspur 
to  Lovett.  The  construction  of  this  branch  line  was  governed, 
primarily,  by  geological  conditions  as  the  railway  follows  the 
valley  of  the  Little  Pembina  river,  which  has  cut  its  way 
along  the  strike  of  the  measures. 

A  number  of  coal  mines  have  been  opened  up  along  this 
railway,  the  most  important  producers  being  open  strip  mines. 

The  Sterling  Coal  Company  is  the  largest  producer  in 
this  area.  There  is  very  little  over  burden  and  as  this  is 
stripped  off,  the  coal  is  loaded  by  means  of  steam  shovels. 
Two  seams,  originally  forming  the  flanks  of  a  small  anticlinal 
field,  have  been  faulted  and  brought  together  to  form  a  deposit 
of  coal  some  one  hundred  and  seventy-five  feet  in  thickness. 
The  coal  is  comparatively  soft  and  is  well  adapted  to  steam 
shovel  methods. 

The  coal  is  screened  and  prepared  before  loading  into 
railway  cars. 

There  are  other,  somewhat,  similar  deposits  being  worked 
by  the  Coal  Valley  Coal  Company,  and  the  Blackstone  Coal 
Company.  At  the  Foothill  Collieries,  situated  in  this  area, 
the  coal  is  mined  by  ordinary  underground  methods. 

Edmonton  Formation. 

The  coals  of  the  Edmonton  formation  have  a  widespread 
distribution  in  Alberta,  the  area  supposed  to  contain  workable 
coal  is  estimated  at  27,000  square  miles. 

The  principal  coal-fields  being  worked  in  the  Edmonton 
formation  are,  the  Drumheller  Coal  Field,  Edmonton  Coal 
Field  and  Pimbina  Wabamun  Field.  In  addition  to  the 
above,  coal  is  also  mined  at  a  number  of  isolated  points,  such 
as  Big  Valley,  Carbon,  Three  Hills,  and  Camrose  districts. 

Drumheller  Coal  Field. 

The  Drumheller  coal-field,  from  the  standpoint  of  produc- 
tion, is  the  most  important  domestic  coal-field  in  Alberta. 

Production  from  this  field  has  increased  at  a  rapid  rate. 
In  1912  the  production  amounted  to  less  than  15,000  tons; 
but  this  increased  steadily  to  1920,  when  it  was  nearly  one  and 
one-quarter  million  tons. 
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Geology. 

The  Red  Deer  valley  cuts  through  the  entire  thickness  of 
the  Edmonton  formation. 

A  number  of  coal  seams  are  irregularly  distributed 
throughout  the  entire  thickness  of  strata  exposed  in  the 
Drumheller  district. 

The  following  table  shows  the  series  of  coal  seams  and 
sediment.* 


Thickness 

Seams  Nos. 

Coal 

Sediments 

10 

1     —  2     fe 

et                       40  —   55  feet 

9 

0—1       ' 

10—    20    " 

8 

0     —  4       ' 

80  —  130    " 

7 

1     —6.7    * 

20—    28    " 

6 

0.5  —  3       ' 

68—    75    " 

5 

3.5  —  5.5    ' 

8—    20    " 

4 

0.5—1       ' 

7—    10    " 

3 

0.5—1       ' 

5—    12    " 

2 

1.8—4       ' 

25—    50    " 

1 

6    —  7       ' 

30—    50    " 

0 

0.5  —  2       ' 

To  top  of  Bearpaw 

90  —  100    " 

Total 

15  —  37  fee 

t                        383  —  550  feet 

At  present  mining  operations  are  being  carried  on  in  four 
of  the  seams,  namely,  one,  two,  five,  and  seven.  However, 
the  most  important  operations  are  confined  to  seam  No.  1 
or  'Drumheller  seam',  and  seam  No.  5  or  'Newcastle  seam'. 

"Drumheller  Seamy 

The  principal  mines  operating  on  this  seam  (in  order  from 
west  to  east)  are  the  Monarch,  Midland,  Scranton,  Western 
Gem,  Drumheller,  Rosedale,  Star,  Yoho,  Moonlight,  Shamrock, 
Rosedeer,  Western  Commercial,  Jewel,  and  Excelsior. 

The  seam  occurs  as  two  benches,  the  upper  and  lower, 
separated  by,  from  six  inches  to  one  foot  eight  inches  of  bone 
and  high  ash  grey  coal.    The  usual  practice  is  to  mine  the 

*Geology   of   Drumheller    coal  field,  Alberta,  by  John  A.  Allan,  third 
Annual  Report  on  Mineral  Resources  of  Alberta,  1921". 


180         Economic  Study  of  Coal  Mining— Dick 

top  bench  only,  which  contains  from  four  to  six  feet  of  clean 
coal. 

The  roof  is  shale,  the  floor  is  undulating,  and  the  mines 
are,  more  or  less,  wet  in  places. 

The  seam  lies  from  thirty  to  one  hundred  and  eighty-five 
feet  below  the  river  valley,  and  is  opened  up  by  vertical  shafts 
or  slopes.    There  is  a  slight  general  dip  to  the  west. 

The  method  of  mining  adopted  is  room  and  pillar.  The 
coal  cutters  used  are  electric  shortwall,  compressed  air  radials, 
and  punchers. 

The  coal  is  of  high  grade  and  will  stand  handling  and 
stocking.  The  coal  is  prepared  for  market  at  well  equipped 
screening  plants  where  a  number  of  grades  are  made. 

Power  is  supplied  by  independent  mine  plants  and  by 
electricity  from  the  central  power  plant. 

Newcastle  Seam. 

The  principal  mines  operating  on  this  seam  are:  The 
Newcastle,  Alberta  Block  Coal  Co.,  (A.B.C.),  Premier,  Atlas, 
Newcastle  Junior,  Hy-Grade,  Elgin,  Gibson,  Midwest,  Superior, 
and  Western  Gem. 

The  seam  varies  in  thickness  from  three  and  a  half  feet 
to  five  feet  five  inches,  but  the  average  thickness  where  mined 
is  about  four  feet  eight  inches  of  clean  coal.  There  is  one 
band  of  bone  varying  from  a  mere  parting  up  to  a  maximum 
of  twelve  inches,  but  in  most  places  this  band  measures  less 
than  three  inches. 

Electric  shortwall  machines  are  used  for  undercutting  the 
coal.  The  roof  is  sandstone  and  less  timber  is  used  than  in 
the  Drumheller  seam.    This  seam  is  also  comparatively  dry. 

The  coal  is  screened  and  prepared  at  well  equipped 
screening  plants,  but  on  account  of  there  being  less  bone  in 
the  coal  it  does  not  require  the  same  amount  of  hand  pickling 
as  the  Drumheller  seam  coal. 

Markets. 

Drumheller  coal  is  sold  principally  for  domestic  purposes 
throughout  the  four  western  provinces.  This  year  some 
shipments  were  also  made  to  Ontario.  On  account  of  the  hard 
coal  strike  some  Drumheller  coal  was  shipped  to  North  Dakota. 


Economic  Study  of  Coal  Mining — Dick         181 

The  mines  can  produce  three  times  the  tonnage  of  coal 
that  the  present  market  can  absorb.  In  order  to  secure 
efficient  operation  and  cheaper  coal,  it  is  necessary  to  greatly 
extend  the  present  market.  The  problem  of  extending  the 
market,  for  all  western  coals,  is  fully  treated  in  a  subsequent 
paragraph. 

Edmonton  District. 

The  coal  mines  in  the  Edmonton  district  are  situated 
in  the  vicinity  of  the  city  of  Edmonton.  This  is  an  important 
field,  and  the  production  in  1922  was  about  550,000  tons. 
This  coal  is  used  for  domestic  and  power  purposes  in  the 
city  of  Edmonton,  and  a  considerable  portion  is  sold  for 
domestic  purposes  in  the  four  western  provinces. 

Two  seams  are  worked,  one  approximately  four  feet  in 
thickness  and  the  other  five  feet  three  inches  in  thickness. 
The  seams  are  practically  flat  and  ninety  per  cent  of  the 
mines  have  been  opened  up  by  vertical  shafts.  The  distance 
between  the  two  seams  is  about  twenty-three  feet. 

The  coal  is  undercut  by  electric  shortwall  and  compressed 
air,  coal  cutters.  The  haulage  used  is  principally  by  horses, 
although  main  and  tail  rope  haulage  is  used  on  some  of  the 
main  roads. 

The  coal  is  screened  and  prepared  at  well  equipped 
screening  plants,  and  the  following  different  sizes  are 
marketed: 

3"  —  Lump 
6"  —  Lump 
3"  -  Egg 
6"  —  Egg 
Nut 

Nut  slack 
Pea 
Pea  slack. 

Pembina-Wabamun  District. 

This  area  is  situated  on  the  main  line  of  the  Canadian 
National  Railways,  some  fifty  to  seventy-five  miles  west  of 
Edmonton.    There  are  only  two  mines  operating  in  this  area: 
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the  Lakeside  mine  at  Wabamun,  fifty  miles  west  of  Edmonton, 
and  the  Pembina  mine,  North  American  Collieries,  at  Evans- 
burg,  seventy-five  miles  west  of  Edmonton. 

The  coal  seams  at  these  mines  have  not  been  correlated 
with  one  another,  but  it  is  believed  that  the  Wabamun  seam 
is  higher  in  the  measures  than  the  seam  worked  at  Evansburg. 

The  Pembina  mine  is  the  largest  in  the  field,  and  is  one 
of  the  best  equipped  domestic  coal  mines  in  Alberta.  The 
mine  is  opened  up  by  a  shaft  three  hundred  feet  deep.  The 
mine  is  completely  electrified:  electric  shortwall  machines  are 
used  for  cutting  the  coal;  electric  storage-battery  locomotives 
are  used  for  gathering,  and  trolley  locomotives  are  used  on 
the  main  roads. 

The  tipple  is  well  equipped  with  shaking  screens  and 
picking  belts  for  sizing  and  preparing  the  coal  for  market. 

The  mine  is  also  well  equipped  with  machine  shop, 
carpenter  shop,  etc.,  for  doing  ordinary  mine  repair  work. 


Paskapoo  Formation. 

The  principal  mines  operating  in  this  formation  are 
situated  in  the  Tofield  district.  One  seam  only  is  being  worked, 
which  averages  about  six  feet  in  thickness.  The  seam  is  flat, 
and  where  it  is  worked  the  cover  is  about  sixteen  feet  in  thick- 
ness. The  overburden  is  removed  by  steam  shovel  and  the 
coal  worked  as  open  strip.  The  coal  is  used  principally  for 
domestic  purposes.  • 

Economic  Considerations. 

The  factors  effecting  a  successful  coal  mining  industry 
depend  on  mining  conditions  and  markets;  these  terms  being 
used  in  their  broadest  sense. 

Mining  Conditions. 

A  prosperous  coal  mining  industry  cannot  be  established 
to  serve  the  best  interests  of  the  public,  labour,  the  govern- 
ment, capital,  or  the  credit  of  the  province,  when  the  very 
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basis  upon  which  it  is  founded  is  unsound.  Let  us  first  examine 
the  present  condition  of  the  industry,  and  then  let  us  examine 
the  cause  of  this  condition. 

Some  four  hundred  coal  mines  are  scattered  throughout 
the  length  and  breadth  of  Alberta.  These  mines,  in  the 
aggregate,  are  able  to  produce  coal  at  from  three  to  four 
times  their  present  production.  While  the  market,  for  western 
coal,  has  of  late,  increased  somewhat,  this  additional  market 
is  more  than  satisfied  by  the  output  from  new  mines  that  are 
being  placed  in  operation  each  year. 

What  is  the  effect  of  a  production  capacity  far  in  excess 
of  market  requirements  ? 

In  the  first  place  it  means  that  the  mines  work  at  less 
than  capacity  for  a  few  months  in  the  year  and  are  idle  the 
rest  of  the  time,  which  in  turn  means: — 

(a)  That  the  labourer,  employed  in  the  mines,  demands 
a  wage  that  will  give  him  a  minimum  yearly  sum  of  about 
$1,700.00.  You  cannot  blame  labours'  attitude  on  this 
matter,  provided  it  is  not  carried  to  an  extreme. 

(b)  The  cost  of  operation  is  high,  due  to  overhead 
charges,  and  working  at  less  than  capacity  for  a  large  portion 
of  the  year. 

(c)  The  cost  of  coal  to  the  consumer  is  higher  than 
would  otherwise  be  the  case. 

(d)  Unsettled  labour  conditions  due  to  idle  time. 

(e)  The  industry  is  unprofitable  and  is  therefore  one 
from  which  the  government  cannot  expect  any  considerable 
revenue. 

(f)  The  unprofitable  nature  of  the  industry  is  tending 
to  destroy  the  credit  of  the  province. 

Without  going  into  detail,  the  writer  estimates  that  the 
coal  mining  industry  in  the  districts  under  review  contributes 
or  places  in  circulation  annually,  in  Western  Canada,  over 
$70,000,000  in  actual  money.  This  coal-mining  industry  is 
therefore,  a  great  stabilizer  of  business  conditions,  in  a  country 
which,  otherwise,  is  strictly  a  farming  community. 

In  this  connection  it  is  of  interest  to  note  a  statement, 
recently  reported  to  have  been  made  by  Sir  Henry  Thornton, 
President  of  the  Canadian  National  Railway  System. 


184         Economic  Study  of  Coal  Mining  -Dick 

From  the  Calgary  Daily  Herald,  Feb.  13th,  1923  (by 
Canadian  Press)  Toronto,  Feb.  13  —  Referring  to  his  recent 
trip  to  the  west  in  an  address  before  the  Canadian  Club  here 
yesterday,  Sir  Henry  Thornton,  president  of  the  Canadian 
National  Railways,  said  there  existed  in  the  west  a  mineral 
development  which  in  importance  would  in  time  fully  equal, 
if  not  excel,  the  possibilities  of  agriculture  development. 

"It  is  essential,"  Sir  Henry  said,  "that  the  railway  com- 
panies, by  proper  service,  and  by  such  assistance  as  lies  within 
their  power,  should  do  all  they  can  to  assist  in  that  mineral 
development  and  extend  the  selling  radius  of  coal  and  other 
minerals  which  lie  in  the  west." 

Sir  Henry  said  the  immigration  of  capital  was  of  even 
more  importance  than  the  immigration  of  the  individual. 
"If  we  can  attract  capital  to  our  country  for  the  purpose  of 
developing  our  vast  mineral  resources  and  take  advantage  of 
our  manufacturing  possibilities,  the  immigrant  will  follow  in 
turn." 

"I  hope  the  day  will  come,  and  the  Canadian  National 
Railways  will  leave  nothing  undone  to  hasten  that  day,  when 
the  people  of  Canada,  will  not  be  dependent  on  the  United 
States  for  their  coal  supply,  except  to  a  very  limited  extent." 

How  much  of  the  conditions  outlined  above  is  the  industry 
itself  responsible  for  ? 

The  answer  is,  not  one  whit. 

These  conditions  have  been  brought  about  by  the  wide- 
spread distribution  of  coal  followed  by  an  indiscriminate 
lease-hold  system. 

It  is  not  the  purpose  of  the  writer  to  dwell  on  this  matter 
in  this  paper.  The  ground  was  thoroughly  covered  by  Premier 
Stewart's  Commission  a  few  years  ago. 

In  so  far  as  actual  mining  is  concerned  the  large  operator 
is  mining  in  an  efficient  and  up-to-date  manner,  although,  the 
same  cannot  be  said  for  the  small  operators,  snowbirds,  etc. 

Markets. 

The  markets,  for  the  purpose  of  discussion,  may  be 
divided  into  domestic  coal  market,  and  bituminous  or  steam 
coal  markets. 
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Domestic  Coal  Market. 

The  present  market  for  Alberta  coal  is  small  in  Ontario 
as  far  east  as  Fort  William;  practically  all  of  the  Manitoba 
market;  all  of  Saskatchewan,  Alberta;  and  all  of  British 
Columbia,  not  supplied  by  British  Columbia  mines;  also  a 
very  small  market  in  Spokane. 

From  the  above  it  is  evident  that  no  considerable  increase 
in  market  may  be  expected  in  the  near  future  from  the  four 
western  provinces. 

Prospective  Markets. 

The  prospective  markets  are  central  Ontario  and  the 
United  States  bordering  on  the  four  western  provinces. 

In  central  Ontario,  western  domestic  coal  would  be  a 
substitute  for  hard  coal.  The  consumption  of  imported  hard 
coal  in  central  Ontario  amounts  to  about  2,800,000  tons 
annually.  That  western  domestic  coal  is  not  only  a  good  substi- 
tute but  is  preferable  to  hard  coal  is  well  exemplified  by  the 
city  of  Winnipeg. 

In  Winnipeg,  a  few  years  ago,  practically  everyone  used 
hard  coal,  and  when  an  embargo  on  hard  coal  was  suggested 
in  1918,  there  were  meetings  of  the  Board  of  Trade,  City 
Council,  and  others,  protesting  that  if  they  were  forced  to 
use  western  domestic  coal  the  people  would  freeze  to  death, 
and  that  the  city  would  be  burned  to  the  ground  from  explo- 
sions resulting  from  the  use  of  western  coals.  What  is  the 
result  to-day?  Hard  coal  has  been  eliminated  and  Winnipeg 
is  now  one  of  the  greatest  boosters  for  western  coal. 

The  price  of  hard  coal  in  central  Ontario  is  increasing, 
and  the  supply  will  get  less  every  year.  I  understand  that 
the  f.o.b.  price  of  hard  coal  in  central  Ontario  is  about  $14.00 
per  ton.  This  coal  contains  from  two  to  two  and  a  half  times 
the  percentage  of  ash  as  compared  to  average  western  domestic 
coals,  and  the  B.T.U.'s  per  pound  is  very  little  higher.  A  fair 
comparison  would  be  one  and  one  sixth  tons  of  western  domestic 
coal  to  one  ton  of  hard  coal.   ■ 

Let  us  see  if  it  is  possible,  to-day,  to  ship  western  domestic 
coal  to  Toronto.    The  people  of  central  Ontario  are  accustomed 
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to  purchase  their  coal  during  the  period  April  to  October. 
This  is  the  period  that  the  western  mines  are  idle.  Also,  the 
period  April  to  August  15th,  is  the  time  when  there  is  little 
or  no  traffic  on  the  western  railroads.  From  August  15th  to 
February  1st,  (the  hardest  operating  period),  the  railroads 
have  to  handle  the  combined  coal  and  grain  movement. 

It  is  evident  that  any  large  business  secured  by  the  rail- 
roads during  the  spring  and  summer  seasons  is  desirable. 

There  are  certain  western  domestic  coals  that  will  stand 
shipment,  and  handling,  to  eastern  Canada  without  suffering 
any  serious  degradation. 

The  coal  could  be  shipped  in  two  ways  during  the  off 
season.  All  rail  to  Toronto;  or  rail  to  Fort  William  and  ship- 
ment down  the  lakes  to  Port  McNicol  or  Port  Colborne  (to 
Toronto  after  completion  of  the  new  Welland  Canal). 

In  order  to  ship  all  rail  it  would  be  necessary  to  lay  the 
coal  down  at  say  $12.00  per  ton.  A  suitable  screened  lump 
coal  could  be  produced  in  the  off  season  and  sold  at  $5.00  per 
ton,  so  that  the  freight  rate  in  train  load  lots  should  not  exceed 
$7.00  per  ton.  The  present  quoted  rate  is  $12.70  per  ton. 
Part  rail  and  part  water  route  would  be  as  follows: — 

Price  f.o.b.  cars $  5.00 

Freight  to  Fort  William 4.00  (say  in  train  load  lots 

during  April  to  August 
15th.  The  present  car 
load  lot  rate  is  $6.25  per 
ton.) 

Dockage  and  loading 45 

Freight  down  the  lakes 50 

Dockage  and  loading  into  cars .       .45 


Total $10.40  per  ton. 
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In  loading  into  cars  at  Toronto  the  coal  could  be  screened 
and  the  fines  briquetted  in  Toronto.  There  is  a  supply  of 
binder  available  at  that  point  and  the  extra  price  that  could 
be  secured  for  the  briquettes  would  pay  for  their  manufacture. 
One  has  heard  criticism  regarding  briquetting,  but  the  writer 
wishes  to  state  that  he  has  successfully  briquetted  the  high 
grade  domestic  coals  of  the  west  in  large  sized  commercial 
plants  with  standard  equipment,  and  the  briquettes  produced 
in  car  load  lots  were  everything  that  could  be  desired  in  a 
fuel  of  this  kind. 

From  the  above  it  is  evident  that  the  Ontario  market  is 
already  within  reach  of  the  western  mines  provided  boats  can 
be  chartered,  during  the  above  mentioned  period,  that  can  secure 
a  return  cargo,  and  provided  the  railways  will  give  a  freight  rate 
to  Fort  William  or  Port  Arthur  of  S4.0G  per  ton. 

A  market  could  possibly  be  secured  in  the  neighbouring 
United  States  provided  there  was  no  duty  on  lignite  or  sub- 
bituminous  lump  coal. 

The  following  is  paragraph  1548  from  the  Fordney  Tariff: 

"Coal,  anthracite,  bituminous,  culm,  slack,  and  shale ; 
coke;  compositions  used  for  fuel  in  which  coal  or  coal  dust 
is  the  component  material  of  chief  value,  whether  in  briquettes 
or  other  forms;  Provided,  THAT  if  any  country,  dependency, 
province  or  other  subdivision  of  government  imposes  a  duty 
on  any  article  specified  in  this  paragraph,  when  imported  from 
the  United  States,  an  equal  duty  shall  be  imposed  upon  such 
article  coming  into  the  United  States  from  such  country, 
dependency,  province,  or  other  subdivision  01  government." 

The  Canadian  tariff  provides: 

No.  586,  Coal,  anthracite,  anthracite  coal  dust;  coke,  Free. 
No.  587,  Bituminous  slack  coal,  such  as  will  pass  through 
a  three-quarter  inch  screen,  subject  to  regulations  prescribed 
by  the  Minister  of  Customs,  per  ton,  10  cents,  12  cents,  14  cents. 
No.  588,  Coal,  bituminous,  round  and  run  of  mine  and 
coal,  n.o.p.,  per  ton,  35  cents,  45  cents,  53  cents. 
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From  the  above  it  is  evident  that  if  lignite  lump  or  screened 
coal  is  placed  on  the  Canadian  free  list,  that  under  the  Fordney 
Tariff  there  would  be  no  duty  on  lignite,  lump,  or  slack  exported 
from  Canada  to  United  States. 

Briquetting  of  domestic  slack  coal  in  western  Canada  will 
give  no  additional  market  to  the  mines  as  the  briquettes  would 
only  be  a  replacement  of  lump  tonnage. 

The  market  for  western  Canadian  domestic  coal  may  be 
extended  in  the  United  States  provided  through  rates  could  be 
secured  in  co-operation  with  American  roads.  For  example, 
suppose  one  wishes  to  ship  coal  from  Lethbridge  to  Montana. 
The  coal  bears  a  rate  on  the  C.P.R.  to  Coutts.  The  coal 
then  bears  a  local  rate  from  Sweet  Grass  (on  the  boundary  in 
United  States)  to  its  destination.  This  local  rate  on  the 
G.N.R.  is  from  two  to  three  times  the  rate  charged  for  hauling 
coal  over  the  same  distance  from  American  mines.  These 
high  rates  prohibit  the  shipment  of  coal  from  mines  in  Alberta 
to  Montana,  although  the  mines  may  be  only  a  few  miles 
north  of  the  border. 

Bituminous  or  Steam  Coal. 

This  coal  is  sold  principally  for  locomotive  fuel  to  the 
Canadian  National  and  the  Canadian  Pacific  Railways.  A 
portion  is  also  used  on  American  railroads  in  the  state  of 
Washington.  The  balance  of  the  coal  is  used  for  heating 
and  power  purposes,  throughout  the  four  western  provinces. 

Prospective  Markets. 

It  is  only  reasonable  that  the  market  west  of  the  Great 
Lakes  should  be  served  by  western  Canada  steam  coal.  This 
is  not  the  case  as  the  imports  of  this  grade  of  coal  into  Canada, 
via  the  Great  Lakes  amounts  to  over  2,000,000  tons  annually. 
The  quality  of  the  western  coal  is  equal  to  the  American 
imported  coal,  but  the  factor  that  influences  the  use  of  American 
coal  is  a  transportation  problem.  The  coal  is  brought  up  the 
Lakes  and  stored  at  the  head  of  the  Lakes  during  the  open 
navigation  season.  When  the  grain  is  being  shipped  by  way 
of  the  Great  Lakes  American  coal  is  hauled  and  distributed 
westward  as  return  freight,  in  the  empty  grain  cars. 
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It  is  not  possible  to  offer  a  solution  to  this  problem  but 
the  matter  should  be  investigated  by  competent  authorities 
to  determine  what  steps  are  necessary  to  make  it  possible 
and  economical  to  extend  the  use  of  western  coal  to  the  elimina- 
tion of  the  coal  now  imported. 

The  markets  for  steam  coal  may  be  extended  by : — 

(a)  Increase  in  population,  stimulating  manufacturing 
development,  in  the  west. 

(b)  Lower  costs  of  production  aided  by  more  consistent 
wage  rates  at  the  mines  of  the  district,  and  the  more  intense 
cultivation  of  both  eastern,  western  and  Pacific  markets 
through  the  co-operating  agencies  of  all  interests  concerned. 

The  writer  desires  to  express  his  thanks  to  the  following 
gentlemen  who  have  supplied  him  with  information  regarding 
the  various  coal  districts  described  in  this  paper. 

W.  R.  Wilson,  President,  Crow's  Nest  Pass  Coal  Co., 

J.  Shanks,  General  Manager,  Brazeau  Collieries,  Ltd., 

Raoul  Green,  Vice-President,  Saunders  Creek  Collieries,  Ltd., 

M.  B.  Morrow,  General  Manager,  Canmore  Coal  Co., 

R.  G.  Drinnan,  Managing  Director,  Luscar  Collieries, 

Gordon  Dickson,  General  Manager,  Blue  Diamond  Coal  Co., 

J.  T.  Stirling,  Chief  Inspector  of  Mines, 

Geo.  Kellock,  General  Manager,  McGillivray  Creek  Coal  and 
Coke  Company,  Limited. 


Discussion 

Mr.  T.  W.  Gibson:  I  don't  rise  to  discuss  Mr.  Dick's 
paper  but  rather  for  the  purpose  of  reading  a  letter  which 
appeared  in  the  Toronto  Globe  of  March  7th.  I  regard  this 
letter  as  important  and  quits  appropos  to  the  subject  now  being 
considered  at  this  meeting.  The  letter  is  from  M.  J.  Butler, 
who  was  Assistant  Chief  Engineer  of  the  National  Transcon- 
tinental Railway,  1904,  Deputy  Minister  and  Chief  Engineer, 
Department  of  Railways  and  Canals,  1905.  Mr.  Butler's 
letter  is  addressed  to  the  Editor  of  the  Toronto  Globe. 
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The  problem  of  transportation  of  coal  from  the  west  to  the  east  is  surely 

so  important  that  "a  plea  for  courageously  attacking  it"  in  the  words  of 
President  c  V.  Corless,  mining  engineer,  ought  not  to  require  an  apology. 

The  usual  condemnation  given  out  by  traffic  officers  ouftht  not  to  be 
considered.  The  freight  rate  is  quited  on  a  basis  of  a  certain  class  of  rate 
in  the  freight  schedule,  and  it  is  predicted  on  an  experience  had  in  handling 
odd  car  lots,  instead  of  what  might  or  could  be  done  in  treating  such  a  special 
train  load  lot  on  the  most  economical  possible  basis. 

I  venture  to  submit  for  consideration  the  following  solution: 

(a)  Solid  trains,  from  a  central  point,  where  train  loads  may  be 
assembled  from  the  mine  or  mines. 

(b)  A  locomotive  of  the  latest  and  most  powerful  type,  capable  of 
hauling  over  our  Transcontinental  lines  with  4-10th  of  one  per  cent  grades, 
7,500  tons  gross,  a  net  tonnage  of  5,000  tons;  this  may  be  increased  in  favour- 
able weather. 

(c)  Coal  cars  of  a  capacity  of  100  tons,  50  cars  to  the  train,  so  that 
the  length  of  the  train  over-all  will  be  about  2,400  feet. 

(d)  Local  distributing  yards,  where  ample  facilities  are  provided  for 
the  quick  and  economical  discharge  of  the  train. 

The  Virginian  Railway  Company  is  doing  much  better  than  the  above, 
120  ton  capacity  cars  are  in  use,  84  cars  to  the  train,  making  10,080  tons  of 
coal  per  trip. 

Engines  and  vans  are  changed  at  every  second  division  or  as  may  work 
out  best. 

From  the  Alberta  mines  to  Winnipeg  is  about  975  miles.  Allow  earnings 
per  train  mile  of  $5.00,  a  fairly  generous  rate.  Run  the  train  back  empty, 
and  the  cost  will  be  975,  multiply  by  2,  multiply  by  $5.00,  equals  $9,750,  or 
$1.95  per  ton  on  the  basis  of  hauling  5,000  tons.  Employing  a  10,000  ton 
train,  the  cost  would  be  cut  in  hal   or  973^  cents  per  ton  of  coal. 

The  distance  from  the  mines  to  Cochrane  is  1,751  miles  or  with  the 
same  allowance  the  freight  cost  per  ton  would  be  $3.50. 

The  mileage  from  the  mines  to  Port  Arthur  is  1,413  and  the  freight  cost 
per  ton  delivered  would  be  $2.82.  From  Port  Arthur,  with  properly  equipped 
shipping  docks,  coal  could  be  transported  to  all  points  on  lakes,  Erie,  Huron, 
and  Georgian  Bay;  and  after  the  Welland  Canal  is  completed  to  Lake  Ontario 
points  at  a  cost  on  the  dock  not  exceeding  $2.50  additional  per  ton. 

So  that  a  fair  average  transportation  charge  from  Alberta  mines  to 
Port  Colborne  would  not  exceed,  should  not  exceed,  $5.32.  I  understand 
that  coal  may  be  bought,  loaded  on  the  cars,  at  the  mines  for  $2.00,  hence 
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total  cost  would  be  in  the  neighbourhood  of  $7.50  per  ton.  American  coal 
is  now  costing  at  Toronto  $10.30  per  short  ton.  Local  yard  charges  would 
be  the  same  for  all  coal  delivery  to  any  consumer. 

I  don't  think  I  need  apologize  for  reading  that  letter 
because  it  deals  very  directly  with  the  problem  and  gives  facts 
and  figures  which  certainly  deserve  careful  consideration 
coming  as  they  do  from  so  eminent  an  engineer,  a  man  well 
qualified  to  speak  on  this  subject. 


THE  LIGNITES  OF  SASKATCHEWAN.* 
By  R.  J.  Lee. 

(Annual  and  General  Meeting,  Montreal  1923) 

The  earliest  record  of  the  occurrence  of  coal  in  the  Province 
of  Saskatchewan  is  found  in  the  report  of  Dr.  Hector  and 
Captain  Palliser  of  the  Palliser  expedition  in  August  1857. 
It  appears  that  these  men  were  induced  to  undertake  a 
preliminary  investigation  of  the  Souris  Valley  after  having 
heard  the  Indians  and  Half-breeds  describe  the  quantities  of 
coal  that  outcropped  in  the  banks  of  the  coulees  and  along 
the  creeks  of  the  valley. 

The  next  record  is  that  of  Dr.  G.  M.  Dawson,  in  1875, 
written  at  the  time  he  was  attached  to  the  International 
Boundary  Commission.  In  1880  Selwyn  had  charge  of  the 
boring  operations,  for  the  Federal  Government,  between 
Estevan,  Roche  Percee,  and  Turtle  Mountain,  and  in  1903 
D.  B.  Dowling  reported  on  the  geology  of  the  Estevan,  Roche 
Percee,  and  Taylorton  region.  Since  that  time  there  have 
been  several  reports  made,  both  by  Government  and  consulting 
geologists  but  considering  that  mining  has  been  carried  on 
continuously,  for  at  least  45  years,  and  as  the  lignite  resources 
of  the  Souris  Valley  are  conceeded  to  be  enormous,  the  writer 
feels  that  it  is  unnecessary  to  make  further  reference  to  the 
published  reports  which  describe  these  coal  fields.  I  feel 
obliged,  however,  to  refer  briefly  to  the  early  pioneers  in  the 
lignite  fields  of  Southern  Saskatchewan.  It  is  on  record 
that  Hugh  Sutherland,  now  President  of  the  Western  Dominion 
Collieries,  shipped  his  coal,  by  barge,  down  the  Souris  river 
and  other  waterways  to  Winnipeg  in  1880,  and  he  may  be 
said  to  have  started  the  commercial  mining  of  lignite  in  Saskat- 
chewan. Other  pioneers  were  Robert  Hassard  Sr.  and  W.  L. 
Hamilton,  who  commenced  operating  in  1891,  and  is  presently 
interested  in  the  Bienfait  and  Crescent  Collieries. 


*Paper  entered  for  President's  Prize  Competition  1922-1923. 
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Coal  Areas 

The  only  part  of  Saskatchewan  that  has  been  systematically 
examined  for  lignite  is  that  portion  popularly  known  as  the 
Souris  Valley,  and  its  surrounding  districts.  This  area  may 
be  said  to  extend  westerly  from  the  boundary  of  Manitoba 
to  the  western  limits  of  Range  No.  8,  and  northerly  from  the 
International  boundary  to  the  northern  extremity  of  Township 
No.  4,  an  area  of  approximately  1872  square  miles.  When 
people  speak  of  the  Saskatchewan  lignite  fields  they  refer, 
as  a  rule,  to  the  coal  in  some  part  of  this  area,  the  principal 
producing  centres  being  Bienfait,  Estevan,  Roche  Percee  and 
adjacent  localities,  all  of  which  constitute  the  present  working 


One  of  the  Early  Taylorton  Pits 

coal  area.  In  this  district  there  are  four  seams  being  worked 
which  vary  in  thickness  from  3H  to  15  feet,  with  an  average 
thickness  of  8  feet.  In  addition  to  the  four  seams  being 
worked  there  are  four  other  seams  within  workable  depths 
which  have  been  proven  by  drilling  in  various  parts  of  the 
field.  It  is  from  this  area  that  90  per  cent  of  the  present 
lignite  production  of  Saskatchewan  is  derived. 
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There  are,  however,  three  other  coal  areas  in  southern 
Saskatchewan  which  are  probably  as  extensive  as  that  of  the 
Souris  Valley.  Coal  is  found  outcropping,  more  or  less,  all 
the  way  across  southern  Saskatchewan,  from  the  Souris  Valley 
to  the  Alberta  boundary  and  is  being  mined  in  a  small  way 
at  sixty-five  different  points.  To  the  west  of  the  Souris  field 
the  seams  outcrop  further  north,  one  mine  being  worked  near 
Mitchelton,  40  miles  south  of  Moose  Jaw  on  Section  28-10-28-2. 
South  of  Michelton  all  of  the  country  is  underlain  by  coal  as 
far  as  the  International  boundary  and  coal  is  being  mined  and 
sold  at  Readlyn,  Willows,  and  Verwood.  Eleven  miles  south 
of  Verwood,  at  Willow  Bunch,  coal  is  known  to  have  been 


Clay  and  Coal  Seams,  Estevan  Coal  and  Brick  Company,  Ltd. 


mined  for  at  least  50  years.  The  seams  near  Willow  Bunch 
average  6  feet  in  thickness,  but  increase  to  twelve  feet  at 
Hart  which  is  12  miles  farther  south,  and  from  there  these 
seams  continue  through  Eddyside  and  Buffalo  Gap  to  the 
International  boundary,  but  decrease  in  thickness  to  six  feet. 
This  district  includes  37  operating  mines  between  Ranges  16 
and  30,  west  of  the  2nd.  Meridian,  and  is  known  as  the  Willow 
Bunch  area. 

Adjoining  the  Willow  Bunch  area,  in  Township  6,  is  the 
Wood  Mountain  district  where  coal  is  mined  at  Maxstone, 
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10  miles  south  of  Assiniboia.  Between  this  point  and  the 
International  boundary,  there  are  seven  more  mines  in  opera- 
tion. The  seams  average  about  six  feet  in  thickness  throughout 
this  district,  which  extends  from  Range  1,  to  Range  16,  west 
of  the  3rd.  Meridian. 

The  next  district  is  the  Cypress  extending  from  Range  16, 
to  Range  30,  west  of  the  3rd  Meridian.  There  are  over  20 
mines  in  operation  in  this  district  that  are  working  seams 
averaging  six  feet  thick.  The  principal  points  at  which  min- 
ing is  carried  on  are  Shaunavon,  Southfork,  Eastend,  Ravens- 
crag,  and  in  the  Cypress  Hills.  Small  mines  are  operating  as 
far  west  as  Range  29  and  as  far  south  as  Township  one. 

Coal  is  found  in  the  banks  of  the  South  Saskatchewan 
river  in  Township  21,  Range  20,  west  of  the  3rd.  Meridian, 
and  at  the  present  time  some  development  is  being  carried  on 
at  this  point.  Coal  has  also  been  found  in  the  more  unsettled 
districts  of  southern  Saskatchewan  where  mining  development 
would  be  unprofitable  at  the  present  time.  Because  the 
majority  of  the  operating  mines  in  Saskatchewan  are  close 
to  settlements  where  the  coal  is  easily  accessible  or  where  it 
has  actually  outcropped  on  the  surface,  it  may  be  assumed, 
with  safety,  that  only  a  fringe  of  the  coalfield  in  southern 
Saskatchewan  has  as  yet  been  exploited. 

Development. 

In  these  coalfields  the  most  extensive  development  has 
taken  place  in  the  Bienfait,  Roche  Percee,  Estevan  area  where 
there  are  seven  operating  mines,  served  by  adequate  railway 
connection,  and  capable  of  producing  a  large  daily  output. 
Two  additional  mines  are  being  opened  up  and  may  be  expected 
to  become  large  producers  in  the  near  future.  Most  of  the 
mines  are  equipped  with  shaker  screens,  box-car  loaders,  and 
other  facilities  for  the  preparation  and  handling  of  coal.  Much 
improvement  has  been  made  in  this  respect  within  the  past 
few  years.  Three  of  the  mines  use  electric  coal  cutters  of 
the  chain  type,  five  have  their  own  electric  power  plants,  and 
electricity  is  used  extensively  for  pumping,  haulage,  coal 
cutting,  and  also,  of  course,  for  lighting  and  other  purposes. 
Of  the  operating  mines  four  are  worked  by  shaft  openings, 
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two  by  slopes,  and  one  by  means  of  an  adit  driven  in  from  the 
outcrop.  Three  of  the  mines  use  self-dumping  skips,  while 
the  others  with  slope  openings,  use  rope  haulage.  Two  of 
the  mines  have  their  own  locomotives.  The  usual  method 
adopted  for  working  the  coal  is  the  double  entry  system  with 
rooms  and  pillars,  working  out  the  panels. 

In  several  instances,  longwall  mining  has  been  tried,  but 
so  far  there  has  been  no  general  successful  application  of  this 
system.  This  is  probably  due  to  the  fact  that  there  is  no 
supporting,  solid  rock,  formation  between  the  roof  of  the  coal 
seams  and  the  surface,  to  take  the  dead  weight  on  the  workings 
when  large  areas  of  coal  are  extracted.  There  has  not,  how- 
ever, been  any  great  difficulty  experienced  in  working  rooms 
to  a  width  of  25  feet,  when  sufficient  timber  has  been  main- 
tained. 

No  inflammable  gas  has  been  met  in  the  field,  but  fires 
have  given  trouble  at  several  of  the  mines, « and  in  the  spring, 
water  is  generally  a  source  of  trouble  as  it  readily  enters  the 
workings  through  the  light  surface  cover.  It  is  estimated 
that  the  mines  in  this  area  could  produce  3,000  tons  per  day 
with  the  present  equipment,  if  a  market  could  be  found  for  the 
product.  The  Western  Dominion  mine,  which  is  one  of  the 
oldest  workings  in  the  district,  produced  125,000  tons  during 
1922. 

Utilization. 

A  great  deal  of  experimental  work  has  been  undertaken 
both  in  Canada  and  in  the  United  States,  on  the  utilization 
of  lignite.  Investigations  have  been  carried  out  with  regard 
to  the  possibility  of  (1)  drying  and  briquetting,  (2)  drying  and 
pulverizing,  (3)  carbonizing  and  briquetting.  Drying  and 
briquetting  is  practised  with  great  success  in  Germany,  where 
it  has  reached  the  proportion  of  an  important  industry. 
Unfortunately,  the  lignites  of  Saskatchewan  are  unlike  the 
German  brown  coal,  in  that  they  are  deficient  in  inherent 
binding  material,  so  that  a  briquette  made  without  the  addi- 
tion of  a  binder,  as  is  done  in  Germany,  will  not  stand  storing 
or  handling.  The  carbonized  residue,  when  briquetted  with 
the  addition  of  a  binder,  is  so  high  in  volatile  constituents 
that  it  tends  to  disintegrate  when  heated.     Pulverizing  the 
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carbonized  residue  is  a  possibility  which  may  be  utilized  in 
the  future  when  the  use  of  pulverized  fuel  has  become  more 
general.  The  disadvantages  of  lignite  in  this  form  are:  — 
(1)  The  pulverized  residue  is  very  liable  to  spontaneous  com- 
bustion which  makes  it  difficult  to  store;  and  (2)  it  re-absorbs 
moisture  readily. 

The  most  promising  method  for  increasing  the  value  of 
the  coal  consists  in  a  low  temperature  carbonization  followed 
by  the  briquetting  of  the  residue.  A  thorough  investigation 
of  this  method  has  been  carried  out  both  in  the  laboratory 
and  on  a  semi-commercial  scale. 

In  1914,  the  Government  of  Saskatchewan  financed  a 
small  experimental  plant  under  the  supervision  of  S.  M. 
Darling.  The  plant  was  erected  in  Estevan,  and  contained 
a  carbonizing  bench  capable  of  treating  from  24  to  26  tons  of 
raw  lignite  per  day  of  24  hours.  The  residue  was  shipped  to 
established  briquetting  plants  where  it  was  converted  into 
briquettes. 

In  1918,  the  Lignite  Utilization  Board  was  created.  This 
organization  was  financed  by  the  governments  of  Manitoba, 
Saskatchewan,  and  the  Dominion.  A  commercial  plant 
capable  of  carbonizing  and  briquetting  60,000  tons  of  lignite 
per  annum,  was  erected  a  short  distance  from  Bienfait,  between 
the  two  largest  producing  mines  in  the  field.  Experimental 
operations  at  this  plant  are  being  conducted  at  the  present 
time,  but,  to  date,  certain  technical  difficulties  have  prevented 
a  complete  success. 

A  typical  analysis  of  carbonized  lignite  in  the  form  of 
briquettes  is  as  follows: 

Moisture 6.0  per  cent. 

Ash 14.0 

Vol.  matter 16.0 

Fixed  carbon 64.0 

B.T.U.s.  per  lb 11,700. 

The  briquettes  compare  very  favourably  with  the  ordinary 
quality  of  United  States  anthracite  coal  being  sold  at  present. 
Tests  for  the  determination  of  the  heating  qualities  of  the 
briquettes  indicate  that  they  are  equally  as  good  in  this  respect. 
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A  successful  commercial  method  for  utilizing  this  low 
grade  fuel  would  be  of  great  benefit  both  to  the  operators 
and  the  public,  and  it  is  hoped  that  in  the  near  future  this 
success  will  be  accomplished. 

The  Booker  Double  Burner  Stove. 

During  the  past  winter  the  Booker  Double  Burner  Stove 
was  put  on  the  market.  This  stove  embodying  some  of  the 
features  of  a  gas  producer  has  been  constructed  solely  for  the 
purpose  of  burning  Saskatchewan  lignites.  The  stove  appears 
to  be  giving  satisfaction  for  domestic  purposes  as  it  burns 
slack  as  readily  as  lump  coal.    It  is  understood  that  those 


Strata  Composed  of  Buff  Burning  Clay,  Ten-foot  Seam  of  Coal,  and 

Thirty-feet  of  Shale  (Burning  Red) 

The  Clay  Pit  of  the  Estevan  Coal  and  Brick  Company. 


interested  in  the  patent  rights  are  trying  to  apply  their  method 
of  burning  lignite,  in  furnaces  and  under  boilers,  but  their 
work  in  this  respect  is  only  in  the  experimental  stage. 

Conservation. 


Canada's  future  greatness  will  largely  depend  upon  the 
development  and  conservation  of  her  latent  natural  resources. 
Although  the  lignites  of  Saskatchewan  have  not,  as  yet,  taken 
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a  place  commensurate  with  their  industrial  importance  there 
can  be  no  doubt  of  their  great  economic  value  in  future  years. 
For  this  reason  they  should  be  carefully  conserved  in  order 
to  reserve  an  adequate  supply  for  posterity.  The  Dominion 
Government  has  taken  every  precaution  to  see  that  there  is 
no  waste,  due  to  careless  or  wilful  negligence  in  mining.  The 
mining  regulations  adopted,  since  1918,  have  been  very  clear 
on  this  point,  and  mining  operations  cannot  be  started  until 
plans  and  specifications  have  been  submitted  to  the  Depart- 
ment of  the  Interior,  showing  in  detail  how  the  coal  is  to  be 
mined,  and  with  such  other  information  as  may  be  required 
to  ensure  adequate  protection  of  the  field.  These  plans  and 
specifications  require  the  approval  of  an  officer  of  the  Depart- 
ment, appointed  for  that  purpose,  and  any  failure  to  comply 
with  the  regulations  renders  the  lease  subject  to  cancellation, 
at  the  discretion  of  the  Minister.  Thus  the  development  of 
the  coal  area  is  controlled,  and  the  methods  adopted  for  con- 
serving the  coal  prevent  the  unnecessary  opening  of  several 
mines  on  the  same  location.  These  precautions  are  of  course 
necessary  to  protect  the  frontage  of  the  seams. 

The  Northwest  Territories  and  Yukon  Branch  of  the 
Department  of  the  Interior,  controlling  the  mining  operations 
in  Saskatchewan,  in  so  far  as  conservation  is  concerned,  have 
stationed  one  of  their  Inspectors  at  Estevan,  whose  duty  it  is 
to  survey  all  the  mines  operating  on  Dominion  Lands.  This 
is  done  to  check  the  amount  of  coal  mined,  and  to  assist  the 
operators  in  every  possible  way.  As  the  majority  of  the  small 
mines  are  operated  by  farmers,  who  have  very  little  knowledge 
of  mining,  the  Inspector  is  frequently  called  upon  to  assist 
them,  in  devising  the  best  methods  of  developing  and  operating 
their  leases  as  well  as  in  locating  their  properties. 


The  Lignite  Reserves  of  Saskatchewan. 

D.  B.  Dowling,  of  the  Canadian  Geological  Survey, 
estimates  the  total  lignite  resources  of  Saskatchewan  at  58 
billion  metric  tons.  This  estimate  includes  all  coal  seams  of 
one  foot  or  over  and  to  a  depth  of  4,000  feet.  These  figures 
convev  some  idea  of  the  great  extent  of  the  coal  deposits  and 
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their  possible  future  commercial  value.  Their  value  in  the 
past  has  been  mainly  to  settlers,  in  the  sparsely  populated 
districts,  at  some  distance  from  the  railway.  Their  value  as  a 
commercial  fuel  has  not  as  yet  been  fully  appreciated,  owing 
to  the  comparative  ease  of  securing  better  grade  steam  coals. 
Lignite,  however,  is  rapidly  attaining  more  favour  owing  to 
its  cheapness.  There  has  been  a  steady  increase  in  production 
from  1881  up  to  1919,  when  production  reached  its  highest 
point.  The  two  following  years  showed  a  slight  decrease,  but 
it  is  hoped  that  the  returns  for  1922  will  again  show  an  increase. 

Nature  of  the  Lignite. 

The  lignite  as  mined  carries  a  high  percentage  of  water 
and  slacks  readily  on  exposure  to  air.  This  disadvantage  doss 
not  allow  of  storage,  during  the  summer  months,  and  as  a 
consequence  most  of  the  mines  are  idle  during  that  season 
of  the  year.  An  average  analysis  of  the  coal  as  mined  is  as 
follows : 

Moisture 33.0  per  cent 

Vol.  matter 27.0 

Ash 7.0 

Fixed  carbon 33.0 

Sulphur 5 

B.T.U.s.  per  lb 6,500-7,500. 

The  present  market  for  the  coal  is  mainly  for  power 
purposes,  and  as  it  can  be  used  successfully  with  mechanical 
stokers  for  the  generation  of  steam,  its  field  of  competition, 
with  better  grades  of  coal,  is  only  limited  by  length  of  haul 
and  mining  costs.  The  comparative  cheapness  of  the  coal 
renders  it  of  special  value,  as  a  source  of  power  in  gas  plants, 
and  it  is  of  course  largely  used  as  a  domestic  fuel  in  the  vicinity 
of  the  mines. 

Summary. 

Saskatchewan  lignite  is  the  cheapest  coal  sold  in  Canada. 
The  report  of  the  Mineral  Production  of  Canada  for  the  year 
1921  states  that  the  average  selling  price  of  coal  at  Canadian 
mines  was  $4.97  per  ton.     The  average  selling  price  of  lignite 
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at  Saskatchewan  mines,  although  not  given  in  the  report,  is 
about  $2.40  per  ton  or  approximately  $2.57  less  than  the 
average  -riling  price  of  coal  at  Canadian  mines  during  1921. 
The  Souris  coal  field,  served  with  the  two  principal  railway 
systems,  has  the  advantage  of  being  the  nearest  coalfield  to 
the  markets  of  western  Ontario,  Manitoba,  and  Saskatchewan. 
There  have  never  been  any  serious  labour  troubles  in  this 
coalfield.  The  operators  and  the  men  possess  the  faculty  of 
settling  their  differences  without  resorting  to  the  costly  business 
of  strikes.     Some  of  the  miners  have  been  working  at  the 


Bienfait  Mine,  Bienfait,  Sask. 


same  mines  for  15  or  20  years,  and  most  of  these  men  have 
saved  enough  to  place  themselves  in  comparative  security 
against  want.  At  the  largest  mines,  the  owners  have  provided 
their  employees  with  all  modern  conveniences,  such  as  electric 
light,  water,  and  sewage.  The  mining  towns  are  provided 
with  good  schools,  churches,  adequate  stores,  and  for  purposes 
of  amusement  they  possess  motion  picture  theatres,  and  com- 
munity halls.  The  miners'  dwellings  are  suitably  grouped, 
and  the  many  fine  gardens  are  evidence  of  the  fact  that  the 
people  grow  a  large  proportion  of  their  own  vegetables. 
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Discussion 

Dr.  D.  B.  Dowling:  I  think  most  of  you  have  copies 
of  this  paper,  and  that  it  will  not  be  necessary  for  me  to 
attempt  giving  any  additional  information.  You  all  know  that 
the  lignite  coal  mines  in  the  eastern  part  of  Saskatchewan 
supply  a  limited  area  in  Saskatchewan,  and  also  ship  to  Win- 
nipeg. Their  market  is  limited,  of  course,  by  the  distances  to 
which  the  coal  can  be  transported.  They  are  paying  freight 
on  a  large  percentage  of  water  contained  in  the  coal.  The  hope 
of  the  Lignite  Utilization  Board  was  to  improve  the  coal  and 
so  help  to  displace  the  imported  American  coal.  Since  that 
board  was  inaugurated  the  Alberta  mines  have  practically 
displaced  the  American  coals  in  the  Winnipeg  market. 

I  notice  it  stated  in  some  of  the  other  papers,  that  are 
coming,  that  the  Alberta  people  objected  to  the  tactics  employ- 
ed by  the  dealers  in  shipping  the  cheapest  Alberta  coal  to 
Winnipeg  and  selling  it  as  good  Alberta  coal.  I  don't  wish  to 
be  responsible  for  the  statement,  but  there  was  something  that 
caused  the  people  in  Manitoba  to  be  unenthusiastic  over 
the  use  of  Alberta  coal.  Many  of  us  who  have  seen  the  coals 
in  Alberta  know  they  have  some  very  fine  brands,  not  exactly 
anthracite. 

Dr.  H.  M.  Ami:  Would  Dr.  Dowling  tell  us  how  many 
million  tons  of  coal  are  available  in  southern  Saskatchewan? 

Dr.  Dowling:  You  will  have  to  read  the  paper  to  find 
that  out.  There  is  a  reference  in  the  paper  to  the  estimate 
I  made  but  I  warn  you  the  figures  show  the  total  amount  of 
the  coal  that  I  considered  was  in  the  ground.  If  you  ask  me 
how  much  of  that  is  available,  —  well,  some  of  you  know  more 
about  mining  than  I  do.     I  would  not  like  to  say. 


PEAT   RESOURCES  OF  THE  CENTRAL  PROVINCES 

AND   THEIR   UTILIZATION   FOR 

FUEL  PURPOSES. 

By  B.  F.  Haanel. 

I  \nnu;il  find  General  Meeting  Montreal  1923) 

The  extent  of  the  peat  resources  of  the  Dominion  of 
Canada,  but  especially  those  of  the  Central  Provinces,  has 
been  approximately  known  for  many  years,  but  only  recently 
have  active  measures  been  taken  to  systematically  determine 
their  commercial  possibilities  as  a  source  of  fuel  for  domestic 
and  industrial  purposes.  It  is  true  that  during  a  period 
covering  the  last  fifty  years  spasmodic  attempts,  involving 
the  expenditure  and  loss  of  a  sum  of  money  aggregating 
$5,000,000.,  have  been  made  to  convert  the  potential  heat 
energy  of  peat  bogs  into  a  marketable  fuel;  but  the  methods 
employed  were  based  on  wrong  principles  and  these  attempts, 
therefore,  resulted  in  failure.  Instead  of  stimulating  interest 
the  confidence  of  the  people  was  shaken,  and  the  mention  of 
the  word  "peat"  occasioned  either  a  blush  or  revived  memories 
of  dishonest  promotors  and  fakers.  It  was  not  until  1908  that 
interest  in  peat  was  again  revived.  In  that  year  the  Director 
of  the  Mines  Branch  of  the  Department  of  Mines,  undertook 
to  have  the  status  of  the  peat  industry  in  Europe  thoroughly 
investigated,  in  order  to  determine  whether  an  economic 
process  for  manufacturing  peat  fuel  could  be  found  in  those 
countries,  and  one  which  could  be  successfully  employed  in 
this  country.  At  the  same  time  he  began  the  systematic 
investigation  of  the  peat  resources  of  Canada,  paying  especial 
attention  to  those  peat  bogs  which  were  favourably  situated 
with  respect  to  transportation  facilities  and  inhabited  com- 
munities. 

As  a  result  of  the  investigation  conducted  in  Europe,  a 
small  commercial  plant  of  30  tons  daily  capacity  was  imported 
from  Sweden  and  erected  on  a  portion  of  the  Alfred  Bog, 
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which  had  previously  been  prepared  for  its  reception,  and  for 
two  years  was  operated,  during  the  working  season,  to  demon- 
strate to  those  who  might  be  interested,  how  peat  fuel  could 
be  manufactured  economically.  At  the  conclusion  of  these 
two  seasons'  work,  the  Swedish  engineer,  who  was  brought 
over  for  the  purpose  of  operating  the  plant,  showed  that  peat 
fuel,  with  that  plant,  could  be  manufactured  on  a  small  scale 
at  a  cost  which  would  permit  it  to  be  solt  on  the  market  as  a 
domestic  fuel  in  competition  with  coal. 

The  Mines  Branch  further  conducted  an  exhaustive  in- 
vestigation concerning  the  utilization  of  this  fuel  for  the 
production  of  power  when  burned  in  a  gas  producer,  especially 
designed  for  peat;  and  again  in  1914,  the  Mines  Branch  publish- 
ed a  report  entitled,  'Teat,  Lignite  and  Coal",  which  treated 
of  the  value  of  these  fuels  for  the  production  of  gas  and  power 
when  burned  in  a  by-product-recovery  producer  gas  plant. 
From  that  year  to  1918  no  experimental  work  was  conducted, 
but  departmental  interest  was  never  wholly  lost,  since  efforts 
were  made  to  keep  abreast  of  the  improvements  which  were 
reported  from  time  to  time  in  the  peat  using  countries  of  the 
world.  Active  interest  was  again  manifested  when  in  1918 
the  serious  fuel  shortage  prompted  the  Federal  Government 
and  the  Government  of  the  province  of  Ontario  to  consider 
the  possibility  of  utilizing  the  peat  resources  as  a  partial 
solution  of  the  fuel  problem. 

The  Fuel  Resources  of  the  Central  Provinces 

The  fuel  resources  of  the  Central  Provinces,  Manitoba, 
Ontario  and  Quebec,  comprise: 

1  —  Water  powers. 

2  —  Peat. 

3  —  Standing  forests. 

Manitoba,  in  addition,  possesses  a  small  quantity  of  low 
grade  lignite  in  its  southern  portion;  and  Ontario  has  reported 
occurrences  of  low  grade  lignite  in  the  vicinity  of  Hudson  Bay, 
but  the  water  powers,  peat  resources  and  the  standing  forests 
may  be  considered  as  the  only  economic  sources  of  fuel  in  this 
portion  of  Canada.   The  water  powers  of  these  three  provinces 
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constitute  a  potential  source  of  heat  energy  of  great  magnitude, 
and  so  far  as  Ontario  and  Quebec  are  concerned,  and  to  a 
lesser  extent  Manitoba,  these  water  powers  are  being  developed 
on  a  large  scale.  The  hydro-electric  energy  developed  in 
Ontario  now  aggregates  over  a  million  horsepower,  and  if 
the  heat  equivalent  of  this  energy  is  translated  in  terms  of 
coal,  it  will  be  seen  that  Ontario  is  producing  in  this  way  an 
equivalent  of  several  million  tons  of  coal  per  annum.  The 
standing  forests,  however,  can  no  longer  be  considered  as  a 
general  source  of  fuel,  except  in  special  localities,  because  of 
the  greater  value  of  the  forests  for  manufacturing  purposes, 
their  depletion  at  a  rapid  rate  and  the  high  cost  of  haulage 
involved  in  transporting  cord  wood  to  places  of  consumption. 
With  the  exception  of  water  power,  this  leaves  peat  as  the 
only  general  source  of  fuel  in  these  provinces.  The  peat 
resources  of  Ontario  are  estimated  to  cover  approximately 
10,450  square  miles,  those  of  Manitoba  500  square  miles,  and 
those  of  Quebec  500  square  miles;  but  of  this  large  area,  only 
a  very  small  portion,  favourably  situated  with  respect  to 
inhabited  communities  and  transportation  facilities,  has  been 
surveyed  and  examined  in  detail.  Only  this  portion,  there- 
fore, will  be  considered  in  discussing  the  value  of  peat  for 
fuel  purposes. 

Peat  Bogs  Examined  in  Detail 

Eighty-eight  peat  bogs  situated  in  the  Central  Provinces, 
with  a  combined  area  of  330  square  miles  and  representing 
114,000,000  tons  of  standard  peat  fuel,  have  been  examined 
in  detail.  Forty-six  of  these  bogs  are  situated  in  Ontario, 
27  in  Quebec,  and  9  in  Manitoba.  This  114,000,000  tons  of 
recoverable  peat  represents  a  source  of  fuel  which  is  favourably 
situated  with  respect  to  large  cities,  towns  and  villages,  and 
excellent  transportation  facilities  by  either  rail  or  water,  and 
represents  not  only  a  very  large  source  of  potential  heat  energy 
but  also  a  very  large  sum  of  money  which  could  be  saved  to 
the  country  if  it  were  used  as  a  substitute  for  imported  coals. 

Physical  and  Chemical  Properties 

We  may  now  pass  on  to  the  physical  and  chemical 
properties  of  Canadian  peats.    Peat  found  in  the  bogs  of  the 
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various  northern  countries  of  the  world  varies  very  consider- 
ably in  its  physical,  and  to  a  certain  extent,  in  its  chemical 
properties.    Peat  may  be  divided  into  two  classes: 

(a)  fibrous  and  poorly  humified  peat. 

(b)  highly  humified  peat,  in  which  the  presence  of  fibrous 

peat  is  evident  to  only  a  small  degree. 

By  humification  is  meant  the  chemical  change  which  takes 
place  in  the  vegetable  detritus,  of  which  peat  is  formed,  when 
this  is  permitted  to  decompose  in  the  presence  of  moisture, 
and  when  atmospheric  oxygen  is  excluded.  The  quality  of 
peat  and  its  value  for  fuel  purposes  depends  upon  the  degree 
to  which  humification  has  proceeded,  and  this  in  turn  depends 
on  the  depth  and  age  of  the  bog,  the  vegetable  matter  from 
which  the  peat  was  formed,  and  the  manner  in  which  humifica- 
tion was  permitted  to  proceed.  Peat  suitable  for  the  manu- 
facture of  a  fuel  is  dark  brown  to  black,  free  from  fibrous 
material,  and  when  associated  with  water,  has  a  softy  greasy 
feel.  As  found  in  the  average  bog,  peat  is  associated  with 
90  per  cent  by  weight  of  water,  the  remaining  10  per  cent 
representing  the  combustible  matter  and  ash.  Well  humified 
peat  possesses  the  properties  of  a  colloid,  a  property  which 
has  a  very  important  bearing  on  the  failure  of  attempts  made 
to  express  the  associated  water.  This  feature  will  be  discussed 
later.  A  complex  hydro-carbon  gelatinous  substance  termed 
by  some  investigators  hydrocellulose  and  by  others  dopplerite, 
which  occurs  to  a  varying  degree  in  well  humified  peat  bogs, 
also  has  a  very  important  bearing  on  the  manufacture  of 
air-dried-machine-peat  fuel.  The  specific  density  of  the  peat 
in  an  average  well  drained  bog,  that  is,  a  bog  in  which  the 
water  content  has  been  reduced  to  88  per  cent  by  drainage, 
is  in  the  vicinity  of  unity,  but  the  peat  cut  from  such  a  bog 
and  permitted  to  dry  on  the  surface,  without  any  mechanical 
treatment  whatever,  has  an  apparent  specific  density  of  less 
than  one  half.  It  is  evident,  therefore,  that  peat  won  in 
this  manner  possesses  a  very  low  heating  value  per  unit  of 
volume,  and  it  is  to  increase  the  specific  density,  adhesive 
properties  and  water  resisting  properties,  that  the  raw  peat 
is  mechanically  treated,  that  is,  manufactured.  The  calorific 
value  of  the  peat  found  in  Canada,  as  a  general  rule,  is  lower 
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than  that  met  with  in  certain  of  the  European  countries.  The 
calorific  value  of  the  bogs  examined  so  far  in  the  province 
of  Ontario  varies  between  7,000  and  9,000  B.T.U.'s  per  pound. 
It  is  noteworthy  that  the  peat  of  the  bogs  so  far  examined 
in  Quebec,  appears  to  be  of  a  better  quality  than  that  found 
in  Ontario.  The  heat  content  varying  between  9,000  and 
9,760  B.T.U.'s  per  pound.  In  every  case  the  heating  value 
refers  to  the  absolutely  dry  peat.  This  is  a  very  high  heating 
value  for  Canadian  peat  and  compares  favourably  with  the 
peat  found  in  Ireland.  The  ash  content  of  the  Ontario  bogs 
so  far  examined,  varies  between  4  and  26  per  cent,  but  a  large 
number  of  the  bogs  have  an  average  ash  content  in  the  vicinity 
of  6  to  7  per  cent.  Here  again,  the  advantage  appears  to 
rest  with  the  peat  bogs,  in  the  province  of  Quebec;  their  ash 
content  is  exceedingly  low,  varying  between  2  and  8  per  cent, 
and  the  average  of  all  the  bogs  is  considerably  below  8  per  cent. 

Chemically,  peat  differs  very  markedly  from  solid  fuels 
in  that  it  has  a  high  percentage  of  oxygen  —  in  the  vicinity 
of  33  per  cent,  a  high  content  of  volatile  matter,  a  low  content 
of  fixed  carbon,  and  as  a  general  rule  a  comparatively  high 
content  of  free  nitrogen.  The  latter  makes  peat  fuel  espscially 
valuable  for  utilization  in  a  by-product-recovery  gas  producer, 
in  which  over  70  per  cent  of  the  nitrogen  of  the  fuel  may  be 
recovered  as  ammonia.  The  sulphur  content  of  peat  is  very 
low,  almost  negligible.  Peat  coke  for  this  reason  is  a  most 
desirable  metallurgical  fuel.  The  ash  content  is  not  only  low, 
as  a  rule,  but  non- fusible  under  ordinary  conditions,  thus  high 
temperatures  can  be  maintained  without  the  production  of 
troublesome  clinkers.  The  heating  value  as  already  stated,  is 
determined  for  absolutely  dry  peat,  but  when  peat  is  used  as 
a  fuel,  its  moisture  content  varies  up  to  40  per  cent.  This 
moisture  lowers  the  effective  heating  value  of  the  fuel,  since 
a  portion  of  the  heat  of  combustion  is  utilized  in  evapourating 
the  contained  moisture  and  the  heat  of  the  steam  formed 
passes  off  with  the  flue  gases  unused.  It  is  highly  desirable, 
therefore,  that  the  moisture  content,  except  for  certain  purposes, 
be  kept  as  low  as  possible,  consistent  with  economy. 
Processes  for  Converting  the  Content  of  Peat  Bogs 
into  a  Marketable  Fuel 

Peat  in  its  natural  state,  contains  88  to  90  per  cent  of 
water  and  10  to  12  per  cent  of  combustible  matter  and  ash. 
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Consequently,  before  any  attempt  can  be  made,  to  utilize  the 
combustible  matter  for  fuel  purposes,  the  major  portion  of 
this  large  water  content  must  be  removed  by  some  means  or 
other.  Many  attempts  involving  expenditures  of  large  sums 
of  money  have  been  made  to  remove  the  water  content  by 
pressure,  artificial  drying,  the  employment  of  the  phenomenon 
of  osmosis,  and  by  electricity.  These  attempts  proved  that 
it  is  impossible  to  reduce  the  moisture  content  of  the  raw 
peat  substance  by  the  application  of  pressure,  either  in  a 
hydraulic  or  filter  press,  below  75  per  cent,  and  all  attempts 
to  remove  the  water  by  osmosis  or  by  passing  through  the 
peat  mass  an  electric  current,  utterly  failed  to  produce  economic 
results.  The  reason  why  the  water  content  cannot  be  expelled 
by  pressure  is  that  well  decomposed  peat  possesses  the  proper- 
ties of  a  colloid.  Ekenberg,  the  Swedish  inventor,  was  aware 
of  this  property  possessed  by  peat,  and  attempted  to  destroy 
the  colloidal  properties  by  carbonizing,  in  the  presence  of 
water,  under  pressure  and  at  a  considerable  temperature. 
While  Ekenberg  succeeded  in  destroying,  to  a  certain  extent, 
these  properties,  and  by  his  method  of  carbonizing  increased 
the  calorific  energy  of  the  peat  mass,  he  failed  to  render  the 
peat  into  a  form  which  would  permit  its  water  content  to  be 
reduced  below  70  per  cent  by  pressure,  that  is  on  a  semi- 
commercial  scale.  In  the  laboratory  he  did  succeed  in  reducing 
the  moisture  content  to  a  little  below  40  per  cent;  but  these 
laboratory  experiments  had  no  bearing  whatever  on  the 
economic  possibility  of  the  process.  On  the  death  of  Ekenberg, 
which  occurred  some  years  ago,  the  Swedish  Government 
appointed  a  commission  of  which  Dr.  De  Laval,  the  famous 
Swedish  inventor,  and  Mr.  Alph.  Larsen,  a  Swedish  authority 
on  peat,  were  members.  This  commission  undertook  to 
investigate  for  themselves  the  possibility  of  the  Ekenberg 
process.  The  results,  however,  of  their  investigation  did  not 
hold  out  any  hopes  for  economic  success,  and  since  then, 
nothing  has  been  heard  of  the  process. 

The  artificial  drying  of  peat  implies  the  expenditure  of 
heat  energy  for  the  removal  of  the  water  content.  If  the 
drying  ot  peat  be  conducted  at  atmospheric  pressure,  and  the 
peat  to  be  dried  has  a  temperature  of  60  deg.  F.,  the  quantity 
of  heat  which  must  be  employed  to  convert  one  pound  of 
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water  into  steam  at  212  deg.  F.,  will  be  1,122  B.T.U.'s.  Il  the 
raw  peat  substance  contains  88  per  cent  water  and  12  per  cent 
combustible  substance,  that  is  240  pounds  of  combustible 
matter  and  ash,  per  2000  pounds  of  raw  peat, 
and  if  the  heating  value  in  the  absolutely  dry  state 
is  9.000  B.T.U.'s  per  pound,  there  would  scarcely  be 
sufficient  heat  available  to  evaporate  the  moisture  content, 
assuming  perfect  drier  efficiency  and  that  this  heat  could  be 
made  available.  The  evaporation  of  the  total  water  content 
by  the  application  of  artificial  heat  has  not  proved  economic 
and  it  has  been  amply  demonstrated  that  the  bulk  of  the 
associated  water  must  first  be  removed  by  other  means  before 
artificial  heat  can  be  employed  for  removing  the  remaining 
moisture.  In  drying  at  atmospheric  pressure,  the  major 
portion  of  the  heat  required  is  represented  as  latent  heat  of 
steam,  namely,  970  B.T.U.'s  per  pound  of  steam  formed, 
and  this  heat  in  practice  is  totally  lost.  In  order  to  employ 
artificial  heat  for  evaporating  the  water  content  of  peat 
economically,  a  process  has  been  devised  which  attempts  to 
make  use  of  this  latent  heat  in  a  manner  analogous  to  the 
triple  effect  employed  in  evaporating  water  and  chemical 
solutions.  The  scheme  for  utilizing  this  latent  heat  while 
ingenious  does  not  appear  to  hold  out  any  promise  of  economic 
success.  The  process  may  be  described  as  follows:  The 
apparatus  for  drying  peat  consists  of  a  steam  drum,  to  the 
interior  of  which  is  admitted  live  steam  above  atmospheric 
pressure,  generated  in  a  steam  boiler.  This  steam  heated 
drum  is  capable  of  revolving  on  a  horizontal  axis,  and  is 
enclosed  within  a  larger  and  stationary  cylinder.  The  peat 
to  be  dried  is  fed  to  the  surface  of  the  steam  heated  drum 
in  a  very  thin  layer,  and  the  heat  of  the  steam  on  the  inside 
of  the  drum,  is  transmitted  through  the  drum  to  the  peat 
and  converts  the  moisture  of  the  peat  into  steam  at  or  below 
atmospheric  pressure.  This  steam  is  immediately  withdrawn 
into  a  thermo  compressor  which  raises  its  temperature  and 
pressure.  It  is  then  returned  to  the  interior  of  the  steam 
heated  drum.  The  steam  condensed  in  the  inner  drum  is 
drawn  off  and  a  portion  returned  to  the  steam  generator,  and 
a  portion  used  for  preheating  the  incoming  raw  peat.  In 
this  manner  it  appears  theoretically  possible  to  use  over  and 
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over  again  the  latent  heat  of  the  steam  produced  through  the 
evaporation  of  the  water  content  of  the  peat,  but  the  heat 
economies  introduced  will  likely  be  more  than  offset  by  the 
great  expense  and  high  cost  of  upkeep  of  the  large  drying 
equipment  which  will  be  necessary  to  dry  only  a  comparatively 
small  tonnage  of  peat,  and  also  by  mechanical  difficulties. 
A  low  grade  substance,  such  as  peat,  cannot  stand  expensive 
treatment  mechanically  or  otherwise  to  convert  it  into  a  fuel. 
This  should  be  borne  in  mind  in  manufacturing  a  low  grade 
combustible  substance  into  a  fuel  which  must  compete  with 
those  fuels  extracted  from  the  ground  and  sold  and  used  in 
their  natural  state. 

Briquetted  Carbonized  Peat,  Peat  Coke  and 
Peat  Charcoal 

The  main  objective  aimed  at  in  carbonizing  is  to  increase 
the  calorific  energy  of  the  fuel,  and  in  that  of  briquetting  to 
render  this  carbonized  residue  as  a  compact  and  attractive 
form  resembling  coal.  The  devising  of  a  process  which  would 
economically  remove  the  water  content  by  pressure,  carbonize 
the  dewatered  substance  and  briquette  the  carbonized  residue, 
it  was  believed,  would  enable  the  manufacture  of  peat  fuel 
to  be  conducted  continuously  throughout  the  year  regardless 
of  weather  conditions.  Ekenberg,  Zeigler  and  others  attempted 
to  devise  a  workable  process  along  these  lines;  but  these 
attempts  failed  of  their  object.  With  the  Ziegler  process  the 
dried  peat  is  carbonized  in  specially  designed  ovens  for  the 
production  of  a  peat  coke  or  a  peat  half^coke  with  the  maximum 
possible  recovery  of  by-products.  In  this  process,  briquetting 
is  not  resorted  to  since  the  carbonized  fuel  is  in  excellent 
condition  for  domestic  as  well  as  metallurgical  purposes,  the 
latter  being  the  principle  use  for  which  this  material  was 
intended. 

In  order  to  comprehend  just  what  such  a  process  implies 
it  is  necessary  to  analyze  the  various  stages  through  which 
the  raw  peat  fuel  must  be  carried  before  it  appears  as  a  finished 
briquette: 

1  —  The  raw  peat  substance  containing  90%  moisture 
must  be  excavated  and  transported  to  some  central 
plant. 
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2  The  water  content  must  be  expelled  by  pressing,  in 
either  a  filter  or  hydraulic  press. 

3  —  The  remaining  moisture  content  must  be  reduced  by 

artificial  drying  to  at  least  10%,  in  order  to  permit, 

4  —  Carbonizing  to  be  conducted  efficiently. 

5  —  The  carbonized   residue   must  be  mixed   with   the 

proper  kind  and  proportion  of  binder,  and 

6  —  This  mixture  briquetted  in  briquetting  presses. 

To  produce,  therefore,  one  ton  of  briquets  with  a  heating 
value  of  say  12,000  heat  units  per  pound,  a  fuel  substance 
containing  88  to  90  per  cent  of  water  and  10  to  12  per  cent 
combustible  matter  and  ash,  must  be  carried  through  six 
costly  operations.  Not  only  would  the  labour  charge  be  high, 
but  the  capacity  of  the  plant  would  have  to  be  excessive  in 
order  to  produce  a  comparatively  small  quantity  of  finished 
briquettes.  The  initial  capital  investment  would  be  exhorbit- 
ant,  consequently  excessively  high  overhead  charges  would 
result. 

1  —  Excavation  and  Delivery  to  Plant  of 
the  Raw  Material 

This  stage  would  have  to  be  performed  either  by  dredges 
of  some  type  or  as  has  been  attempted  in  Russia  and  other 
European  countries,  by  the  ashing  down  of  the  peat  substance 
through  the  agency  of  water  jets  and  its  delivery  through  pipe 
lines  to  the  central  plant  by  centrifugal  or  other  types  of  pumps. 
Regarding  the  use  of  this  latter  method,  little  or  no  information 
is  available  regarding  the  factors  which  must  be  taken  into 
consideration  relating  to  the  co-efficient  of  friction  of  a  viscous 
substance  like  peat  and  water  when  passing  through  a  pipe 
line  and  of  the  power  which  would  be  required  to  force  this 
material  through  various  distances.  On  the  other  hand, 
information  regarding  excavation  of  peat  by  means  of  bucket 
excavators  and  dredges  is  well  known.  In  considering  the 
former  method  it  is  necessary  to  bear  in  mind  that  the  pumping 
machinery  and  pipe  line  must  be  of  sufficient  capacity  to 
transport  at  least  1,800  pounds  of  water  for  every  200  pounds 
of  combustible  matter  and  ash,  and  that  a  large  amount  of 
power  must  be  employed  to  force  this  material  through  the 
pipe  lines.     Assuming,  however,  that  this  initial  stage  of  the 
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operations  can  be  carried  out  economically,  we  will  pass  on 
to  the  second,  namely: 

2  —  The  Pressing  of  the  Water  from  Peat 

It  has  now  been  established  beyond  doubt  that  water 
cannot  be  expressed  from  peat  to  below  70  to  75  per  cent  and 
that  the  remaining  moisture  therefore  must  be  removed  through 
the  agency  of  artificial  heat.  Assuming,  that  the  water  content 
can  be  expressed  down  to  70  per  cent,  the  manufacturing 
installation  will  have  to  provide  for  hydraulic  presses  capable 
of  handling  an  enormous  quantity  of  raw  material  containing 
at  least  90  per  cent  of  water  in  order  to  obtain  a  comparatively 
small  quantity  of  combustible  substance  reduced  to  a  moisture 
content  of  70  per  cent.  Such  presses  would  be  very  costly 
and  would  entail  a  heavy  overhead  charge  per  ton  of  peat 
pressed.  The  peat  now  containing  70  per  cent  moisture  wil. 
have  to  be  passed  into  mechanical  dryers  artificially  heatedl 

3  —  Evaporation  by  Artificial  Drying 

This  stage,  in  the  operation  of  manufacture,  not  only 
implies  the  installation  of  costly  driers  of  large  capacity, 
entailing  another  heavy  overhead  charge  for  drying,  but  also 
the  expenditure  of  a  very  large  quantity  of  heat,  which  is  a 
matter  of  much  importance,  since  one  pound  of  peat  con- 
taining 70  per  cent  moisture  is  made  up  of  seven-tenths  of  a 
pound  of  water,  and  three-tenths  of  a  pound  of  combustible 
matter  and  ash.  Assuming  a  drier  efficiency  of  70  per  cent, 
the  quantity  of  heat  which  would  have  to  be  supplied  to 
evaporate  this  moisture  would  be  1,122  B.T.U.'s.  In  order, 
therefore,  to  deliver  2,000  pounds  of  dry  peat  substance  the 
heat  equivalent  of  830  pounds  of  absolutely  dry  peat  would 
have  to  be  supplied  to  the  driers.  When  this  dry  substance 
is  carbonized  at  a  low  temperature  one  ton  of  absolutely  dry 
peat  which  required  830  pounds  for  drying,  making  2,830 
pounds  of  absolutely  dry  peat,  would  yield  between  900  and 
1,000  pounds  of  carbonized  residue,  so  that  in  order  to  yield 
approximately  one  ton  of  carbonized  residue,  approximately 
6,000  pounds  of  absolutely  dry  peat  will  be  required.  This 
does  not  take  into  consideration  the  heat  equivalent  of  the 
energy  required  in  operating  presses,  pumps,  dryers,  or  other 
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portions  of  the  plant,  nor  does  it  take  into  account  heat  losses 
which  will  occur  in  carrying  out  such  manufacturing  operations; 
hut  merely  refers  to  the  quantity  of  dry  fuel  which  must  be 
furnished  to  the  dryers  and  to  the  carbonizers.  Up  to  this 
point,  therefore,  it  will  be  seen  that  for  every  ton  of  carbonized 
material  delivered  to  the  briquetting  presses,  30  tons  of  raw 
peat  containing  90  per  cent  moisture  must  be  excavated  at  the 
bog,  transported  to  the  manufacturing  plant  and  put  through 
the  various  apparatus  for  pressing  and  drying  in  order  to  render 
it  suitable  for  carbonizing. 

During  the  process  of  carbonizing,  a  certain  quantity  of 
by-products  is  produced,  namely,  gas,  tar  oils,  ammonia  and 
alcohol ;  in  case  the  carbonizing  is  carried  out  in  such  a  manner 
as  to  make  the  recovery  of  alcohol  possible.  If  the  main  object 
in  carbonizing  peat  is  to  produce  a  fuel,  the  temperature  at 
which  carbonizing  is  conducted  would  of  necessity  be  so  low 
that  the  minimum  quantity  of  gas  is  produced,  and  this 
quantity  of  gas  would  in  no  sense  be  sufficient  to  supply  the 
heat  required  for  drying,  nor  is  it  likely  that  the  tar-oils 
obtained  could  be  used  as  a  binder  for  the  formation  of  bri- 
quettes. If  these  oils  could  be  used  a  tar  distilling  plant 
would  have  to  be  installed. 

Without  going  further  with  this  analysis  it  can  be  seen 
that  in  such  an  effort  to  produce  a  marketable  fuel  which  must 
sell  at  a  price  not  higher  than  that  at  which  the  standard 
fuels  are  sold,  a  very  large  quantity  of  heat  is  absorbed.  Even 
if  the  cost  of  drying  of  the  raw  peat  were  left  out  of  considera- 
tion, and  it  were  assumed  that  dry  peat  was  available  for 
beginning  manufacturing,  it  is  improbable  that  carbonizing 
dry  peat  could  be  profitably  carried  out.  The  chances  for 
profit  in  such  a  process  depend  very  largely  on  the  profitable 
disposal  of  the  by-products  obtained,  and  these  can  only  be 
readily  disposed  of  when  there  are  chemical  industries  in 
existence  which  are  capable  of  absorbing  large  quantities  of 
the  by-products.  The  chances  for  carrying  out  a  commercial 
carbonizing  process  would  be  far  greater  in  countries  like 
England,  France,  Germany  or  Belgium,  which  are  highly 
industrialized  and  have  large  numbers  of  chemical  industries 
which  depend  for  their  existence  on  the  by-products  obtained 
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from  coal  distillation;  but  even  in  such  countries  attempts  to 
carbonize  peat  have  not  proved  economic. 

Carbonization  of  Air-Dried-Machine  Peat 

To  determine  the  value  of  air-dried-machine  peat  fuel  as 
a  source  of  charcoal,  a  carload  of  this  fuel  dried  down  to  25% 
moisture  was  shipped  to  the  carbonizing  plant  of  the  Standard 
Chemical  Company,  and  put  through  their  wood  charcoal 
retorts.  A  peat  charcoal  of  excellent  quality  was  obtained, 
the  amount  being  750  pounds  per  ton  of  25  per  cent  moisture 
peat.  If  this  amount  were  sold  at  the  rate  of  $16.00  per  ton, 
it  would  yield  $6.00,  the  tar  oils  amounting  to  140  pounds 
would  return,  at  one  cent  per  pound,  $1.40,  one  gallon  of  alcohol 
was  obtained,  and  this  would  return  fifty  cents,  the  ammonium 
sulphate  recovered  amounted  to  30  cents,  making  a  total 
of  $8.20  as  the  gross  receipts.  Against  this  must  be  charged 
the  cost  of  raw  material,  operating,  labour  and  overhead 
charges.  With  peat  properly  prepared  for  carbonizing  at  a 
figure  in  the  vicinity  of  $3.50  per  ton,  a  profit  of  $1.20  might 
be  realized,  but  inasmuch  as  the  yield  of  alcohol  from  wood 
per  ton  is  4  gallons,  and  in  addition  acetate  of  lime  at  the  value 
of  $1.00  is  recovered  —  but  no  ammonium  sulphate  —  the 
net  profits  from  carbonizing  wood  would  be  in  excess  of  the 
profits,  it  is  possible  to  realize  from  the  carbonization  of  peat. 
When  wood  becomes  too  scarce  for  the  production  of  chemicals 
and  wood  charcoal  and  air-dried-machine  peat  fuel  can  be 
supplied  in  sufficient  quantities  to  meet  the  demand  of  such  an 
industry,  then  peat  may  be  looked  upon  as  a  source  of  fuel 
by  carbonization. 

The  peat  charcoal  obtained  was  not  only  of  excellent 
quality,  but  was  also  in  the  form  of  large  pieces,  so  that 
briquetting  was  unnecessary.  When,  however,  a  raw  peat  is 
carbonized  without  first  being  treated  according  to  the  air- 
dried-machine  peat  process,  the  carbonized  residue  must  be 
briquetted.  The  quantity  of  by-products  obtained  would  be 
about  the  same  for  either  method  of  carbonizing.  It  is  mani- 
fest, therefore,  that  if  this  latter  process  cannot  be  carried  out 
commercially  at  a  profit  sufficient  to  attract  capital,  there  is 
not  the  slightest  chance  for  the  success  of  a  process  which 
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involves  many  COStly  operations  and  requires  the  briquetting 
of  the  carbonized  residue. 


Briquetting  of  Peat  without  Carbonizing 

Several  attempts  have  been  made  in  Canada  and  other 
countries,  to  briquette  raw  peat  when  dried  below  10  per  cent 
moisture,  without  the  employment  of  a  binder.  The  object 
being  to  produce  a  compact  and  more  attractive  fuel  and  one 
in  which  the  rate  of  combustion  would  be  less  rapid  than  is 
the  case  with  ordinary  air-dried-machine  peat.  The  reduction 
in  volume,  it  was  also  realized,  would  be  a  great  advantage; 
but  in  order  to  furnish  the  dry  peat  for  briquetting,  the  original 
water  content  had  to  be  partly  removed  by  artificial  heat,  as 
in  the  case  described  above.  Considerable  money  has  been 
expended  in  attempt  to  perfect  a  process  for  manufacturing 
peat  in  this  manner,  but  this  money  was  lost  due  entirely  to 
the  cost  of  drying  and  briquetting.  In  justice  to  such  attempts 
it  must  be  stated  that  they  were  made  when  the  price  of  good 
coal  was  comparatively  low,  although  it  must  be  admitted  that 
the  principal  reason  or  reasons  for  advances  in  the  price  of 
coal  also  apply  to  increases  in  the  cost  of  manufacturing  peat 
briquettes,  if  such  process  were  attempted  to-day.  The  main 
reasons  for  the  increased  cost  of  coal  are  increased  cost  of 
labour,  plant  equipment,  and  transportation.  Attempts  are 
still  being  made  in  England  to  make  a  peat  briquette  from 
raw  peat,  artificially  dried,  but  the  process  has  not  yet  passed 
the  experimental  stage. 

The  development  of  coal  briquetting  plants  in  the  United 
States  and  other  parts  of  the  world  has  been  accompanied 
by  many  dismal  failures  and  there  are  to-day  only  a  few  plants 
in  the  United  States  which  can  be  said  to  be  manufacturing 
briquettes  from  coal  at  a  profit;  it  is  questionable  if  there  are 
any  in  Canada.  If  it  has  proven  difficult  to  briquette  a  high 
grade  substance  like  coal  which  requires  no  preliminary  heat 
treatment  such  as  drying  and  carbonizing,  it  would  appear 
to  be  a  forlorn  undertaking  to  devise  a  process  to  economically 
convert  a  low  grade  fuel  substance  like  peat  into  a  high  grade 
fuel  where  many  costly  operations  are  involved. 


Peat  Resources— Haanel  219 

Peat  Powder 

Peat  powder,  prior  to  the  war  and  for  a  certain  period 
during  the  war,  was  manufactured  on  a  comparatively  large 
scale  in  Sweden,  for  use  as  a  locomotive  fuel.  This  powder 
was  prepared  according  to  a  special  process  from  air-dried 
machine-peat  fuel.  The  fuel  was  delivered  to  the  factory, 
with  a  moisture  content  of  about  40  per  cent  or  under,  and 
after  being  pulverized  was  dried  down  to  3  or  4  per  cent,  by 
means  of  artificial  heat.  But  while  peat  powder'  was  in  con- 
siderable demand,  the  cost  of  producing  became  so  great,  that, 
according  to  information,  the  peat  powder  plants  in  Sweden 
were  either  closed  down  or  else  operated  at  a  loss. 

Air-Dried  Machine-Peat 

The  air-dried-machine-peat  process  consists  of  the  follow- 
ing operations: 

1  —  Excavation  of  raw  peat  from  bog. 

2  —  Maceration  of  excavated  peat. 

3  —  Delivery  of  macerated  peat  to  drying  field. 

4  —  Spreading  and  cutting  of  macerated  peat  in  drying 

field. 

5  —  Harvesting  of  dried  peat  and  loading  same    on   cars. 
This  process  differs  from  all  others  in  that  the  removal 

of  moisture  is  performed  by  the  sun  and  wind  and  therefore 
costs  nothing,  while  all  other  operations  are  mechanical  or 
employ  manual  labour. 

The  small  plant  erected  and  operated  by  the  Mines  Branch, 
Department  of  Mines  in  1910,  utilized,  almost  entirely,  manual 
labour  to  perform  the  various  operations  of  delivery  of  macerat- 
ed peat  to  the  field,  spreading,  cutting,  harvesting,  etc.  The 
operations  performed  mechanically  were:  the  conveying  of 
raw  peat  from  the  trench,  where  it  was  excavated  by  manual 
labour,  to  the  macerator,  maceration  of  the  peat,  the  operation 
of  small  tram  cars  used  for  transporting  macerated  peat  to 
the  drying  field,  and  the  actuation  of  the  spreader  for  spreading 
the  macerated  peat  on  the  field.  Fourteen  men  were  required 
to  manufacture  and  lay  on  the  ground  25  to  30  tons  of  standard 
peat  fuel  per  day  of  10  hours,  but  labour  at  that  time  was 
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comparatively  cheap,  as  was  also  the  cost  of  machinery  and 
other  equipment,  but  even  with  the  employment  of  so  much 
manual  labour  it  was  demonstrated  that  peat  fuel  at 
that  time  could  be  manufactured,  even  in  small  quantities,  at 
a  cost  which  would  permit  it  to  be  sold  on  the  market  as  a 
fuel  for  domestic  purposes.  In  order  to  introduce  economies 
for  the  manufacture  of  this  fuel,  to  allow  a  reduction  in  its 
selling  price,  the  Mines  Branch  recommended  that  in  the 
design  of  any  future  machine  there  should  be  incorporated 
all  possible  labour  saving  devices.  For  example,  it  was 
recommended  that  the  excavation  of  the  peat  be  performed 
mechanically. 

A  company  was  formed  for  the  purpose  of  putting  into 
effect  this  recommendation,  and  a  plant  of  the  Anrep  type  was 
not  only  designed  and  constructed,  embodying  many  new 
mechanical  labour  saving  devices,  but  was  actually  given  a 
very  successful  try-out,  in  the  course  of  which  a  quantity  of 
fuel  was  manufactured.  But  in  1914,  when  manufacturing 
operations  were  contemplated  on  a  commercial  scale,  war  was 
declared,  and  the  promotors  withdrew  their  financial  assistance. 
This  plant  consequently  lay  idle  and  was  sold  at  auction,  for 
practically  nothing,  to  a  syndicate,  who  now  own  that  portion 
of  the  bog  at  Alfred,  formerly  the  property  of  the  Government. 

Investigation  Conducted  by  Peat  Committee 

In  the  early  Spring  of  1918,  the  Dominion  Government 
and  the  Government  of  the  province  of  Ontario,  jointly  appoint- 
ed a  committee  to  conduct  an  investigation  concerning  the 
utilization  of  the  peat  resources  of  Ontario  for  fuel  purposes. 
This  committee,  after  carefully  considering  all  processes  which 
had  been  devised  for  manufacturing  peat  fuel,  decided  that 
the  air-dried  machine-peat  process  was  the  only  one  that 
could  in  any  sense  be  termed  economic,  and,  therefore,  recom- 
mended to  the  Governments  that  machinery  be  constructed 
for  the  purpose  of  carrying  out  this  process  in  the  most  economic 
manner  possible. 

As  a  result  of  the  war,  conditions  in  general  had  changed. 
The  cost  of  labour  had  mounted  by  leaps  and  bounds,  and 
the  cost  of  machinery  and  other  plant  material  had  increased 
100  per  cent  above  the  costs  prior  to  the  war.    The  process 
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just  cited,  even  with  the  mechanical  improvements  described, 
could  not,  therefore,  by  profitably  employed,  on  account  of 
the  high  labour  charge  per  ton  of  fuel  manufactured  with 
such  a  plant.  The  peat  committee  was  therefore  confronted 
with  the  problem  of  designing  and  constructing  machinery 
that  would  reduce  the  employment  of  manual  labour  to  a 
still  further  extent. 

The  committee  was  not  appointed,  as  is  believed  by  some, 
for  the  purpose  of  manufacturing  peat  fuel  on  a  commercial 
scale  to  relieve  the  fuel  shortage  which  existed  at  that  time; 
but  was  appointed,  with  definite  instructions,  to  conduct 
investigations  that  should  determine  whether  peat  fuel  can 
or  cannot  be  manufactured  on  a  commercial  basis,  and  under 
conditions  existing  in  Canada  at  the  present  time;  with  the 
employment  of  existing  peat  machinery.  The  Committee's 
work  was,  therefore,  of  an  entirely  investigatory  nature. 

Two  types  of  peat  machines  were  chosen  for  experimenta- 
tion, one  of  the  Anrep  type  similar  to  that  constructed  by 
private  parties  in  1912,  and  the  other  the  invention  of  E.  V. 
Moore.  The  latter  at  that  time  existed  only  on  paper,  but 
the  design  appeared  to  possess  so  many  distinct  advantages  that 
it  was  decided  to  proceed  with  its  construction.  The  Anrep 
machine  was  placed  on  caterpillar  aprons,  an  inovation  which 
saved  time  and  labour,  but  the  excavated  and  pulped  peat 
was  transported  to  the  drying  field  and  spread  in  a  manner 
similar  to  that  employed  with  the  machine  when  operated  by 
the  Mines  Branch  in  1910.  A  compliment  of  15  men  was 
required  to  operate  this  improved  plant,  which  was  capable 
of  producing  approximately  50  tons  of  air-dried-machine-peat 
fuel  per  day  of  10  hours.  The  Moore  machine  was  also  placed 
on  caterpillar  aprons  which  enabled  it  to  move  over  the  field 
under  its  own  power.  This  machine  possessed  a  high  degree 
of  mobility,  and  was  capable  of  turning  rather  sharp  angles 
without  trouble.  The  principal  improvement  which  this 
machine  possessed  over  that  of  the  Anrep  type,  was  the  method 
employed  for  automatically  delivering  the  macerated  peat  to 
the  drying  field,  and  also  the  method  for  spreading  and  cutting 
it.  This  proved  to  be  the  only  important  improvement.  The 
delivery  of  the  macerated  peat  to  the  drying  field  was  performed 
by  a  portable  belt  conveyor  160  feet  in  length  attached  to  the 
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platform  of  the  excavator  element  and  at  right  angles  to  its 

line  of  travel.  The  outboard  end  was  supported  on  a  cater- 
pillar element  which  was  operated  through  a  shaft  and  gears 
liom  the  propelling  machinery  situated  on  the  platform  of  the 
main  machine.  The  original  objective  of  the  committee  was 
to  thoroughly  test  out  these  two  machines  and  to  operate 
them  at  full  capacity,  in  order  to  obtain  sufficient  information 
on  which  to  base  opinions  regarding  the  superiority  of  either 
machine.  It  was  considered  probable  that  at  the  termination 
of  their  continuous  operation,  the  results  would  show  that 
either  one  or  the  other  of  these  machines  could  be  recom- 
mended for  commercial  work.  This,  however,  was  not  the 
case,  because  each  machine  possessed  such  distinct  individual 


General  view  of  Peat  Fuel  Manufacturing  Plant  at  Alfred,  Ont. 
Excavates,  macerates,  and  lays  peat  on  drying  field,  moulded  ready 
to  dry. 


advantages  that  the  Peat  Committee  recommended  that  an 
improved  machine  be  constructed  embodying  the  best  features 
of  the  two  plants.  The  Anrep  excavating  element  was  by 
all  means,  the  most  efficient  for  excavating  peat,  while  the  Moore 
method  for  delivering  and  spreading  the  macerated  peat  was 
by  far  the  most  efficient  and  economical.  This  recommenda- 
tion was  approved,  and  the  improved  plant  was  constructed 
and  erected  on  the  bog  in  1921,  and  was  operated  for  a  sufficient 
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period  in  1922,  to  definitely  determine  its  possibilities  and 
economy. 

The  excavating  element  was  not  altered,  but  in  order  to 
combine  the  Moore  delivery  and  spreading  system  with  this 
excavator,  it  was  necessary  to  design  and  construct  a  portable 
belt  conveyor  of  great  length.  The  conveyor  consists  of  ten 
spans  of  latticed  box  girder  bolted  together,  the  whole  being 
supported  on  11  caterpillar  elements.  The  conveyor  belt  is 
carried  on  rollers,  on  the  top  of  the  girder,  and  is  850  feet  in 
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View  of  Spreader  at  Alfred.  Illustrating  Method  of  laying  peat 
pulp  on  drying  field.  Belt  conveyor  is  moved  ahead  for  next  row, 
shows  effect  of  heavy  rain. 


'ength  between  centres.  It  was  expected  that  considerable 
trouble  might  develop  when  this  conveyor  was  moved  over  the 
uneven  surface  of  the  bog,  but  during  the  working  season  many 
hundreds  of  moves  were  made  and  no  troubles  of  any  kind  were 
experienced.  It  is  worth  noting  that  at  the  end  of  the  season 
the  whole  bridge  work  was  scarcely  an  inch  out  of  line.  With 
this  combined  plant,  peat  is  automatically  delivered  to  the 
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maoerator,  and  from  the  macerator  to  the  belt  conveyor,  and 
from  this  to  the  spreader  which  is  also  actuated  by  power, 
so  that  all  operations  from  that  of  excavation  to  spreading 
and  cutting  peat  on  the  drying  field,  are  performed  continuously. 

A  completed  row  of  spread  peat  is  770  feet  long,  12  feet 
wide,  and  5  to  6  inches  thick.  This  represents  approximately 
16  tons  of  air-dried  machine-peat.  The  excavator,  during  the 
laying  of  a  row,  moves  automatically  under  its  own  power  an 
average  distance  of  13  feet.  When  a  row  is  completed  the 
process  of  manufacturing  is  stopped  long  enough  for  the  belt 
conveyor  to  move  ahead  13  feet,  when  the  laying  of  the  new 
row  may  be  commenced. 

It  was  demonstrated  that  a  machine  of  this  type,  in  order 
to  prove  economic,  must  have  an  average  capacity  of  10  tons 
per  hour  of  saleable  peat  fuel  during  1,000  hours  of  operation, 
including  all  delays  due  to  minor  break  downs,  repairs  or  for 
other  causes  and  weather  conditions.  This  production,  the 
plant  was  incapable  of  maintaining  due  to  lack  of  power  and 
insufficient  macerator  capacity.  Since  these  defects  can  be 
easily  overcome,  the  committee  decided  that  it  was  unnecessary 
to  go  to  the  expense  of  purchasing  either  an  expansive  power 
plant  or  a  new  macerator  in  order  to  demonstrate  the  economy 
of  the  plant. 

The  power  plant  employed  was  improvised  from  the 
power  plants  already  available  on  the  two  machines,  first 
investigated,  and  consisted  of  two  steam  boilers,  the  steam 
engines  already  employed  for  operating  the  excavators,  and 
macerator  and  a  double  cylinder  high  speed  engine  which  was 
rented  for  the  purpose  of  trying  out  the  new  macerator.  It 
was  expected  that  about  180  horsepower  would  be  available, 
but  actual  test  showed  that  only  126  horse  power  could  be 
delivered,  and  this  amount  was  insufficient  to  operate  the 
entire  plant;  which  requires  at  least  150  horsepower. 

It  was  originally  intended  to  employ  two  Anrep  macera- 
tors  in  order  to  make  possible  the  delivery  of  the  requisite 
quantity  of  pulped  peat  per  hour.  It  was,  however,  found 
impossible  to  secure  the  desired  production  with  these  two 
macerators,  as  they  gave  a  great  deal  of  trouble,  due  to 
stoppages  from  one  cause  or  another,  and  were  very  expensive 
to  keep  in  repair.    At  this  time  the  attention  of  the  engineer 
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of  the  Peat  Committee  was  directed  to  a  Swing  Hammermill 
Pulverizer,  which  he  was  informed  had  been  used  in  pulverizing 
materials  similar  to  peat,  and  he  was  able  to  procure,  free 
of  cost,  a  machine  of  this  type  for  experimental  purposes. 
While  the  capacity  and  other  factors  of  a  swing  hammermill 
pulverizer  are  known  for  such  substances  as  limestone,  wood, 
etc.,  the  machine  had  to  be  calibrated  for  peat.  This  work 
absorbed  a  considerable  portion  of  the  season,  and  disclosed 


• 


General  View  of  Drying  Field  at  Alfred.     Peat  Rows  are  770  feet 
long,  12  feet  wide,  5  to  6  inches  deep  and  contain  16  tons. 

the  fact  that  in  order  to  operate  efficiently,  it  should  not  be 
driven  at  a  greater  average  capacity  than  was  equivalent  to 
6  or  7  tons  of  saleable  air-dried  machine-peat  per  hour.  The 
quantity  of  power  required  mounted  rapidly  when  attempts 
were  made  to  exceed  this  output. 

This  type  of  pulverizer  proved  far  more  efficient  than 
the  types  of  macerators  heretofore  employed  in  the  manu- 
facture of  peat,  not  only  as  regards  its  output  per  horsepower, 
cost  of  upkeep  and  repairs,  reduction  in  time  lost  through 
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delays  m  repairing,  but  also  gards  the  thoroughn 

the  maceration  the  peal  received.  The  latter  proved  to  be 
far  greater  than  previously  obtained,  and  as  a  result  the  fuel 
produced  was  far  superior  as  to  density  and  hardness.  The 
apparent  density  of  the  peat  obtained  with  the  anrep  macera- 
tors,  for  example,  was  a  little  over  .8,  while  that  produced 
with  this  new  macerator  was  .93.  Laboratory  investigation 
concerning  the  effect  on  the  fuel  produced  by  extended  mace- 
ration has  demonstrated  that  the  apparent  specific  density  of 


Harvester  Used  at  Alfred  for  Picking  up  Dried  Fuel.      Will  load 


\\  ton  car  in  4  minutes. 


peat  can  be  increased  to  1.20,  almost  that  of  coal.  The  im- 
portance of  this  treatment  is  evident  since  the  volume  of  1  ton 
(2.000  lbs.)  of  peat  as  manufactured  by  the  Peat  Committee 
in  1922,  of  Pennsylvania  Anthracite,  and  of  Pennsylvania  soft 
coal  are  63,  37  and  40  cu.  ft.  respectively.  Maceration  or 
pulverizing  is  the  most  important  operation  to  which  peat  is 
submitted,  since  many  valuable  properties  are  imparted  by 
this  treatment. 
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It  was  stated  above  that  a  gelatinous  complex  hydro- 
carbon compound  is  associated  with  all  peats  which  have  passed 
through  the  stage  of  humification.  The  quantity  of  this 
substance,  however,  depends  largely  on  the  age,  and  depth 
of  the  bog,  the  manner  in  which  the  process  of  humification 
proceeded,  and  the  vegetable  matter  from  which  the  peat  is 
formed.  This  hydro-carbon  serves  as  a  natural  binder,  and 
is  responsible  for  the  shrinkage  of  the  peat  blocks  during  the 
drying  process.  It  also  prevents  the  finished  peat,  when  air- 
dried  down  to  30  or  40  per  cent  water,  from  absorbing  further 
moisture.  Its  distribution  throughout  a  bog  is  not  uniform 
but  varies  greatly  from  the  top  or  younger  portion  of  the  peat 
to  the  bottom  layers  which  are  the  oldest  and  most  humified, 
and  hence  contain  the  greatest  quantity.  A  peat  bog  may  be 
considered  as  composed  of  a  large  number  of  layers  each 
representing  the  particular  period  when  the  peat  in  that 
layer  was  formed;  and  since  the  peat  is  excavated  from  the  top 
to  the  floor  of  the  bog,  the  importance  of  thorough  mixing  is 
evident.  Maceration  is  the  name  given  to  the  operation  of 
mixing  and  pulping.  It  is  quite  probable  that  a  chemical 
change  is  effected  during  maceration  since  the  colour  of  the 
mass  undergoes  a  change,  but  by  far  the  most  important 
effect  produced  is  the  homogeneous  distribution  of  the  binding 
substance  throughout  the  peat.  Pulping  also  serves  to  break 
or  cut  the  fibers  and  roots  which  are  generally  found  in  all 
peat  bogs,  but  to  a  greater  amount  in  some  than  in  others. 

An  investigation  has  been  carried  out  in  the  laboratories 
of  the  Fuel  Testing  Station,  Mines  Branch,  Department  of 
Mines,  which  had  for  its  objective  the  determination  of  the 
value  of  pulping  and  grinding  the  raw  peat,  the  chemical  effect 
if  any  on  the  raw  peat  substance,  the  relation  existing  between 
this  mechanical  treatment,  and  the  rate  of  drying  and  the 
physical  properties  of  the  finished  fuel.  The  results  so  far 
obtained  show  clearly  that  the  greater  the  degree  of  pulverizing 
the  slower  must  be  the  rate  of  drying.  If  pulverization  is 
carried  to  too  high  a  degree,  and  the  drying  of  the  mass  is 
permitted  to  proceed  at  a  comparatively  rapid  rate,  at  that 
rate  for  example  which  would  obtain  on  a  clear  hot  day  on  an 
exposed  field,  the  dried  fuel  checks  and  crumbles  into  small 
fragments.    Pulverization  is  accompanied  by  a  notable  increase 
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in  specific  density,  bu1  if  care  is  not  exercised  and  the  relations 
existing  between  this  treatment  and  the  factors  mentioned  are 
not  known,  the  principal  effect  oi  increasing  the  density  may 
be  more  than  offset  by  the  physical  deterioration  of  the  finished 
fuel.  It  appears  that  the  swing-hammer  pulverizer  investigated 
and  adopted  by  the  committee  effects  the  maximum  pulveriza- 
tion which  is  desirable.  The  improvement  in  the  quality  of 
the   peat  made   possible   by   the   Swing-Hammermill   stands 


Storage  and  Loading  Conveyer  at  Alfred. 
Storage  Capacity  —  8.000  tons. 
Loading  Capacity  —  10  tons  per  hour. 


second  only  to  the  perfection  accomplished  in  the  design  of 
the  peat  manufacturing  machinery.  A  complete  peat  fuel 
manufacturing  plant  which  has  been  designed,  as  a  result  of 
the  experience  gained,  will  when  constructed  be  capable  of 
performing  all  the  operations  required  in  the  manufacture  of 
air-dried  machine-peat  fuel  with  the  minimum  delays  and 
expense  through  breakages.  This  design  may  be  still  further 
improved,  but  it  does  not  seem  probable  that  labour  can  be 
reduced  to  a  further  extent. 
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Results  Obtained  by  the  Peat  Committee 

In  its  Interim  Report  presented  to  the  Federal  Government 
and  the  Government  of  the  province  of  Ontario,  December  5, 
1922,  the  committee  stated  that: 


"While  the  machine  has  not  actually  been  constructed 
to  the  design  which  the  committee  esteems  would  be 
reasonably  free  from  defects,  the  problems  involved  have, 
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in  their  opinion,  been  thoroughly  investigated,  and  draw- 
ings for  a  complete  standard  equipment  with  power  plant, 
pulverizing  unit,  conveyor  and  spreading  system,  are  now 
under  way;"  and, 

"While  the  committee  has  completed  research  work 
requisite  to  the  development  of  a  successful  peat  manu- 
facturing plant,  and  is  able  to  place  at  the  disposal  of 
those  interested,  construction  data  and  operating  statistics, 
it  is  of  the  opinion  that  the  establishment  of  a  peat  industry 
is  of  such  importance  to  Canada  and  especially  the  province 
of  Ontario,  that  the  Governments  should  undertake  the 
construction  and  operation  of  a  perfected  plant  until  its 
possibilities  are  fully  demonstrated." 


Costs 

Based  on  the  performance  of  the  experimental  combina- 
tion plant  and  the  estimated  cost  of  an  entirely  new  and 
remodelled  plant,  complete  with  an  efficient  power  unit  and 
larger  macerator,  the  production  and  other  costs  of  the  finished 
peat  per  ton  are  estimated  to  be: — 

10-hr.  day.  20- hr.  day. 

Production  costs $2.00  $2.00 

Overhead  costs 2.48  1.50 

A  total  cost  of  finished  peat  fuel,  on  board  cars  at  siding 
of  plant  of  $4.48  for  a  ten-hour  day,  for  a  season  of  100  days, 
or  $3.50  for  a  twenty-hour  day  during  the  same  season.  The 
total  production  of  saleable  fuel  in  the  first  case  would  be 
10,000  short  tons,  and  in  the  second  case  20,000  short  tons. 
Overhead  costs,  however,  increase  rapidly  as  the  production 
decreases,  consequently,  the  committee  recommends  that 
plants  of  this  type  be  operated  for  twenty  hours  per  day. 
The  figures  for  production  costs  include  an  ample  allowance 
for  cost  of  raw  fuel,  paid  for  on  a  royalty  basis,  and  for  clearing 
and  draining  the  bog. 
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The  following  table  shows  the  costs  of  a  new  plant,  interest 
charges  on  investment,  depreciation  and  administration  on 
which  the  overhead  charges  are  based. 


Capital  Cost 

Power  Plant 
$25,000.00 

Peat  Plant 
$35,000.00 


Harvesting  Equipment 
$25,000.00 

Buildings,  Equipment 
and  Miscellaneous 
$5,000.00 


Interest 
Per  Cent 

Depreciation 
10%    $2,500.00 

Administration 

20%    $7,000.00 

10%  on  $100,000.00 
for  20  hrs.  daily  oper- 
ation. 

14%    $3,500.00 

or 

7. 

10%         500.00 

10%  on  $50,000.00  for 
10  hrs.  daily  operation 

Total  $90,000.00 


$6,300.00 


$13,500,00   $10,030.00  or  $5,000.00 


Market 


A  substantial  market  has  been  developed  for  peat  within 
the  economical  shipping  radius  of  the  Alfred  Bog,  and  the 
demand  is  increasing.  The  success  of  a  peat  fuel  plant  depends 
in  a  market  degree  upon  the  site  chosen  for  manufacturing  in 
its  relation  to  points  of  consumption.  This  site  must  be 
selected  with  a  view  to  eliminating  long  rail  hauls.  The 
economic  limit  depends,  in  addition  to  freight  rates,  on  the 
price  of  other  available  competitive  fuel.  The  committee 
expressed  the  opinion  that  the  price  of  peat  fuel  delivered  to 
consumers  should  be  in  the  neighbourhood  of  $10.00  per  ton, 
if  the  bogs  are  strategically  situated  with  respect  to  transporta- 
tion facilities,  and  are  within  100  miles  of  the  market.  While 
100  miles  is  considered  the  economic  limit  within  which  peat 
fuel  can  be  shipped,  comparatively  large  quantities  of  Alfred 
Peat  have  been  sold  in  Peterboro,  and  car  load  lots  have  been 
shipped  as  far  as  Toronto  and  in  New  Liskeard,  which  is 
situated  in  northern  Ontario. 


232  Peat  Resources    Haanel 

Comparative  Heating  Value  of  Peat  and 
Anthracite  Coal 

When  employing  the  theoretical  heating  value  as  a  basis 
for  comparing  fuels,  it  must  be  understood  how  the  calorific 
energy  of  a  fuel  is  determined.  The  standard  method  is  to 
pulverize  a  gram  of  the  fuel  and  compress  this  into  a  button 
which  is  placed  in  a  bomb  filled  with  an  atmosphere  of  pure 
oxygen  under  considerable  pressure.  When  the  button  of 
fuel  is  ignited,  by  an  electric  spark,  under  these  conditions, 
complete  combustion  takes  place,  i.e.,  all  combustible  matter 
is  oxidized,  and  the  heat  generated  entirely  absorbed  in  the 
water  surrounding  the  bomb.  Under  practical  firing  condi- 
tions fuels  are  not  entirely  oxidized  nor  is  all  the  generated 
heat  utilized.  The  quantity  of  heat  which  is  lost  by  incomplete 
combustion  through  the  retention  of  carbon  in  the  ash  and 
clinker,  and  the  high  ignition  temperature  characteristic  of 
anthracite,  accounts  for  the  discrepancy  between  the  theore- 
tical heating  values  of  anthracite  and  peat  and  their  effective 
heating  values  when  burned  under  commercial  conditions. 


The  Fuel  Value  of  Peat 


Standard  peat  fuel  as  manufactured  at  Alfred,  has  a 
heating  value  of  about  6,500  B.T.U.'s  per  pound,  while  the 
average  anthracite,  now  coming  into  Canada,  has  a  heating 
value  of  about  12,500  B.T.U.'s  per  pound.  Standard  peat 
fuel  has  a  moisture  content  of  30  per  cent. 

Theoretically,  therefore,  it  takes  about  two  pounds  of 
peat  to  give  the  same  heating  value  as  one  pound  of  anthracite. 
This  is  based  on  a  comparison  of  the  theoretical  heating  values 
of  the  two  fuels.  In  practice,  however,  a  comparatively  large 
portion  of  coal  passes  through  the  grates  unburned,  and  is 
entirely  lost,  while  in  the  case  of  peat  complete  combustion 
results.  In  mild  weather,  owing  to  the  difficulty  in  controlling 
a  coal  fire,  a  great  deal  of  heat  is  wasted  or  the  fires  go  out. 
With  the  peat  fuel  this  is  not  the  case.  This  is  a  distinct 
advantage  which  peat  fuel  has  over  anthracite  coal. 
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According  to  actual  experience  four  pounds  of  peat  will 
in  mild  weather,  furnish  as  much  useful  heat  as  three  pounds 
of  coal  when  burned  in  the  ordinary  furnace  and  surface 
heaters.  For  open  fire  places  and  domestic  ranges  the  com- 
parison is  even  better. 


The  Value  of  Peat  Fuel  for  Industrial  Purposes 

In  European  countries,  peat  fuel  is  utilized  on  a  com- 
paratively large  scale  for  the  production  of  power  through 
the  media  of  the  steam  generator  and  steam  engine,  and  the 
gas  producer  and  gas  engine.  A  power  plant  of  20,000  horse- 
power capacity  complete  with  steam  generators,  specially 
designed  for  burning  peat  fuel,  and  efficient  steam  turbines, 
has  for  several  years,  been  in  successful  operation  in  Germany, 
and  it  was  claimed  prior  to  the  war  that  peat  fuel  at  $1.25 
per  ton  delivered  to  the  plant  was  more  economical  than 
English  steam  coal  at  $3.50  per  ton.  There  are  localities  in 
Canada  where  peat  might  be  used  to  advantage  for  the  genera- 
tion of  steam  and  other  purposes  were  it  not  for  the  fact  that 
the  peat  of  the  average  Canadian  bog  has  a  nitrogen  content 
which  makes  it  especially  valuable  for  burning  in  a  producer 
of  the  by-product  recovery  type,  which  permits  of  the  recovery 
of  70  per  cent  of  the  nitrogen  in  the  fuel.  Plants  of  this 
description  are  in  successful  operation  in  Europe,  and  according 
to  information,  one  plant  in  Italy  burns  peat  fuel  in  by-product 
recovery  gas  producers  for  the  sole  purpose  of  recovering  the 
nitrogen  content  of  the  fuel  as  ammonium  sulphate.  In  this 
case  the  gas  is  wasted  or  was  in  1912. 

The  value  of  the  nitrogen  contents  of  our  peat  bogs  will 
be  better  appreciated  from  the  following  calculation.  The  fuel 
contents  of  the  peat  bogs  examined  in  detail  in  Manitoba, 
Ontario  and  Quebec  is  estimated  at  114,000,000  short  tons 
of  25  per  cent  moisture  fuel.  This  reduced  to  the  dry  state 
is  equivalent  to  85,500,000  tons,  and  if  the  average  nitrogen 
content  is  1.75  per  cent,  the  total  quantity  of  free  nitrogen 
available  will  be  approximately  1,500,000  tons.  From  this 
quantity  of  nitrogen  4,900,000  tons  of  ammonium  sulphate 
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could  be  produced,  assuming  a  recovery  efficiency  of  70  per 

cent,  which  would  represent  a  total  value  of  approximately 
•SL'OO.OOO.OOO,  depending  on  the  market  price.  If  desirable 
other  ammonia  compounds,  in  addition,  can  be  manufactured. 
If  the  main  object  in  gasifying  peat  in  gas  producers  is  to 
generate  power,  the  value  of  recovering  the  nitrogen  in  the 
above  manner  is  evident,  and  it  can  easily  be  seen  that  a  large 
reduction  in  the  cost  of  the  power  developed  can  be  made 
through  the  sale  of  this  one  by-product.  In  those  portions  of 
the  central  Provinces  which  are  not  supplied  with  water 
powers  and  cannot  take  advantage  of  cheap  hydro-electric 
energy,  but  in  which  are  located  extensive  peat  bogs  high  in 
nitrogen,  it  would  appear  that  the  best  use  to  which  such  peat 
could  be  put  is  the  generation  of  power  and  industrial  gas. 

Before  the  erection  of  such  plants  can  be  considered, 
air-dried  machine-peat  fuel  must  be  available  in  large 
quantities,  since  the  fuel  burned  in  such  steam  and  gas 
producer  plants  would  be  air-dried -machine  peat. 

The  Mines  Branch  of  the  Department  of  Mines  and  the 
Peat  Committee  have,  by  their  investigations,  shown  how 
Canada's  peat  resources  can  be  successfully  manufactured 
into  a  domestic  and  industrial  fuel.  It  now  remains  for 
capitalists  and  industrialists  to  take  advantage  of  this  pioneer 
work  and  establish  a  flourishing  peat  fuel  industry.  By  such 
means  they  will  partially  relieve  the  unfortunate  fuel  situation 
which  now  exists  in  the  provinces  of  Ontario  and  Quebec. 

Discussion 

Mr.  William  Pearce:  What  do  you  do  with  the 
screenings  ? 

Mr.  E.  V.  Moore:  In  the  United  States  they  are  grinding 
them  up  and  selling  them  as  fertilizer  filler.  As  a  matter  of 
fact  with  dust  and  powder  removed  they  are  excellent  fuel 
but  the  public  don't  seem  to  think  so.  They  do,  however, 
make  an  excellent  fertilizer. 

Mr.  W.  M.  Goodwin:  We  have,  apparently,  a  process 
that  will  make  fuel  economically  from  peat  and  a  plant  which 
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although  not  perfect  makes  a  very  good  fuel.  We  have  not 
as  yet  any  assurance  that  this  plant  or  process  will  be  made 
available  for  the  use  of  the  people  of  Ontario  and  Quebec 
immediately.  While  Mr.  Moore  and  certain  members  of  the 
Peat  Committee  are  here  I  would  like  to  hear  some  discussion 
on  this  point,  which  seems  to  me  to  be  the  practical  point 
involved. 

Mr.  B.  F.  Haanel:  The  Peat  Investigating  Committee  was 
appointed  in  1918  and  we  have  just  concluded  our  actual  work. 
We  consider  that  we  have  successfully  solved  the  problem  of 
manufacturing  peat  fuel  and  we  are  now  able  to  submit  draw- 
ings of  a  plant  capable  of  manufacturing  10,000  tons  of  peat  in 
1,000  hours  of  operation.  The  Peat  Committee  recommended 
that  the  Dominion  and  Ontario  governments  appropriate  suffi- 
cient money  to  construct  an  improved  plant  and  to  operate 
that  plant  on  a  commercial  scale.  The  idea  of  the  gov- 
ernments, however,  seemed  to  be  that  as  the  research  work 
has  been  concluded  successfully  that  their  assistance  was  no 
longer  required  and  it  was  not  their  policy  to  continue  the 
work  or  to  engage  in  commercial  enterprise.  So  it  is  left  to 
private  capital  to  take  advantage  of  the  developments,  made 
in  four  years,  and  to  put  the  manufacture  of  peat  on  a  com- 
mercial basis.  The  paper  which  I  have  presented  contains 
extracts  from  the  committee's  report  and  it  also  deals  with 
the  development  of  peat  machinery.  I  do  not  think  that  the 
peat  committee,  which  will  possibly  disband  as  soon  as  they 
make  their  final  report,  expect  any  further  assistance  from 
the  governments.  The  committee  are  wholly  satisfied  with 
the  work  that  has  been  done  and  the  results  are  now  available. 

Mr.  W.  R.  Rogers:  The  committee  was  also  considering 
the  development  of  a  small  machine  to  operate  on  small  bogs. 
It  is  a  well-known  fact  that  many  of  these  bogs  are  difficult 
to  drain  and  in  connection  with  the  small  machine  I  would 
like  to  ask  the  opinion  of  the  committee  as  to  what  elevation 
of  surface  above  the  water  level  they  consider  it  would  be 
necessary  to  drain  these  bogs  in  order  that  the  machine  might 
operate  satisfactorily  ? 

Mr.  E.  V.  Moore:  We  have  found  that  it  is  a  benefit 
rather  than  a  disadvantage  when  there  is  water  in  the  excava- 
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tiotl.  Therefore  the  only  drainage  absolutely  necessary  is 
that  sufficient  to  provide  a  drying  field.  With  the  larger 
machine  we  have  about  3  feet  of  water  in  the  ditch,  but  we 
have  worked  when  we  had  4  or  5  feet  of  water  and  outside 
of  a  small  peat  loss  the  machine  worked  equally  well.  Answer- 
ing your  question,  2  or  2y>  feet  of  water  is  all  that  is  necessary 
for  the  small  machine  that  you  speak  of.  We  experimented 
with  a  depth  of  5  feet,  but  it  would  be  desirable  to  avoid 
more  than  2^  to  3  feet  of  water. 

Mr.  T.  W.  Gibson:  I  will  give  a  leaf  out  of  practical 
experience  in  the  burning  of  peat  fuel.  Uniting  with  two  or 
three  friends  in  Toronto,  I  purchased  a  carload  of  this  fuel 
that  was  made  at  the  Alfred  bog  during  the  season  of  1922. 
It  cost  us  $5.  a  ton  at  the  bog  f.o.b.  We  paid  at  the  rate  of 
$4.10  freight  to  Toronto;  it  cost  $1.50  per  ton  to  deliver  from 
the  car  to  our  cellars,  making  a  total  of  $10.56  a  ton.  I  burned 
this  peat  fuel  in  the  furnace  for  heating  my  house  until  the 
middle  of  December,  and  I  would  say  that  I  found  it  an 
admirable  fuel.  It  has  some  disadvantages,  one  of  which  is 
that  it  requires  a  much  larger  storage  space  than  coal.  It  is 
not  so  lasting  in  the  fire  as  coal,  and  in  consequence  in  severe 
weather,  you  are  obliged  to  replenish  the  fire  during  the  night. 
But  it  gives  a  good  heat,  and  leaves  very  little  ash  as  compared 
with  coal.  The  ashes  left  from  a  ton  of  peat  would  not  be 
more  than  one-third  of  that  from  a  ton  of  coal.  It  makes 
no  cinder  or  clinker,  and  being  screened  before  it  is  shipped 
it  arrives  in  good  condition  and  with  comparatively  little  dust. 
For  an  open  grate  fire  it  is  excellent:  it  burns  with  a  long  clear 
flame  and  does  not  decrepitate  or  sparkle  when  ignited. 

The  problem  of  fuel  is  a  vital  one  because  life  in  Canada 
without  fuel  is  practically  impossible.  The  use  of  peat  will 
be  encouraged  and  stimulated  if  the  manufacture  can  be 
carried  on  within  reasonable  distances  of  centres  of  population. 
$4.10  a  ton  freight  is  too  much  to  pay  on  peat  for  use  in  the 
city  of  Toronto,  when  there  are  bogs  in  the  vicinity  of  that 
city  which  it  is  estimated  will  contain  about  25,000,000  tons 
of  dry  peat  fuel.  If  these  bogs  were  operated  they  would 
supply  a  considerable  part  of  the  fuel  required  by  the  people 
of  that  city.    As  to  the  amount  of  heat  that  a  ton  of  peat 
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will  give  out,  my  experience  was  that  it  is  about  60  per  cent 
as  compared  with  coal.  Perhaps  a  ton  and  two- thirds  of  peat 
will  give  off  the  same  amount  of  heat  as  a  ton  of  anthracite 
coal.  There  is  a  well-known  bog,  at  the  entrance  of  the  Holland 
river  into  Lake  Simcoe,  which  contains  fourteen  or  fifteen 
thousand  acres.  This  is  an  excellent  bog  so  far  as  quality  is 
concerned,  it  is  within  reasonable  distance  of  Toronto,  and  it 
contains  a  very  large  quantity  of  peat.  I  do  not  expect  that 
coal  will  ever  be  entirely  displaced  by  peat,  but  if  we  can 
make  a  satisfactory  peat  fuel  it  will  eke  out  our  coal  supplies 
and  be  a  good  thing  for  the  people  of  Ontario. 

Dr.  A.  Stansfield:  I  also  have  found  peat  very  satis- 
factory, and  I  hope  that  something  will  be  done  to  enable  us 
to  secure  a  further  supply  of  peat  next  winter.  I  know  a 
number  of  people  who  will  be  glad  to  obtain  it. 

Dr.  J.  B.  Porter:  I  intended  to  speak  along  exactly  the 
same  lines  as  Mr.  Gibson  and  can  from  personal  experience, 
endorse,  everything  he  said,  except  that  Montreal  being 
nearer  to  Alfred  our  freight  charges  are  less.  I  want  to  bring 
out  one  point  that  he  did  not  sufficiently  accentuate.  While 
peat  has  only  six-tenths  the  calorific  power  of  anthracite  coal, 
the  anthracite,  which  we  are  now  getting,  averages  about  20 
per  cent  in  ash  which  not  only  materially  reduces  its  calorific 
power  but  causes  very  heavy  losses  through  incomplete  com- 
bustion and  additional  losses  during  the  cleaning  of  the  furnace. 
If  we  refer  to  the  textbooks  on  coal  this  fuel  has  a  magnificent 
advantage  over  peat  but  when  we  come  to  use  the  coal  we 
now  get  we  must  not  only  discount  the  ash  but  the  extra  labour 
and  all  sorts  of  things  and  although  peat  has  a  lower  calorific 
power  it  gives  us  an  ash  that  slips  between  the  grates  with  a 
minimum  of  effort  and  there  is  no  loss  due  to  clinker  or  incom- 
plete combustion. 

Dr.  F.  D.  Adams:  As  one  of  the  Advisory  Council  I  may 
say  that  the  papers  presented  yesterday  on  the  Lignites  of 
Saskatchewan  and  the  papers  that  we  have  had  to-day  were 
admirably  presented  and  very  valuable,  being  of  particular 
interest  to  me.  When  the  Council  was  brought  into  existence 
eight  years  ago,  by  the  government,  for  the  purpose  of  advising 
the  government  in  reference  to  methods  by  which  scientific 
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arch  and  investigation  might  be  applied  to  existing  condi- 
tions in  Canada,  we  made  a  general  survey  of  the  field  and 
proposed  to  interest   ourselves  in  the  organization  of  three 

(N.  One  was  the  engineering  standards  commission  which 
the  government  assisted  financially  and  was  organized  for  the 
purpose  of  standardizing  the  various  products  of  the  Dominion, 
more  particularly  in  manufacturing,  and  this  has  proved  of 
great  service  to  the  manufacturers.  The  second  and  third  had 
to  do  with  this  fuel  problem  which  undoubtedly  is  the  greatest 
problem  that  Canada  is  faced  with  at  the  present  time.  We 
first  made  a  general  survey  of  all  the  conditions  and  in  one 
of  our  early  publications  printed  a  map  showing  the  areas 
in  Canada  which  were  supplied  by  fuels  coming  from  the  eastern 
portion  of  Canada,  the  western  sources  of  fuel  in  the  Rocky 
Mountains,  and  the  area  supplied  by  fuels  which  had  to  be 
brought  from  the  United  States.  These  areas  shifted  from 
time  to  time.  For  instance  before  the  war  Nova  Scotia  fuel 
was  delivered  in  Montreal  in  very  large  amounts,  but  during 
the  war  no  Nova  Scotia  came  up  the  St.  Lawrence  but  was 
used  for  bunker  coal  and  sent  to  the  United  States.  Now 
it  is  returning.  But  it  was  quite  evident  that  considering  this 
fuelless  portion  of  central  Canada,  the  government  should  do 
everything  possible  to  use  Canadian  fuel  and  develop  new 
sources  of  Canadian  fuel  if  such  were  possible.  The  most 
easterly  portion  of  the  western  fuel  area,  that  which  lies  in 
south  eastern  Saskatchewan,  described  in  Mr.  Lee's  paper, 
contains  immense  deposits  of  low  grade  lignite  —  enormous 
deposits  —  quite  near  the  surface  and  very  easily  mined. 
But  it  does  not  stand  transportation  and  goes  to  piece  when 
exposed  to  the  atmosphere.  It  was  felt  that  it  might  be 
possible  to  make  out  if  this  very  low  grade  fuel,  which  is  practic- 
ally useless  now,  a  very  good  fuel  comparable  to  anthracite, 
by  carbonizing  and  briquetting.  The  Council,  having  investig- 
ated this  matter,  with  the  help  of  the  Department  of  Mines, 
advised  the  government  to  form  a  board  to  investigate  the 
problems  connected  with  the  utilization  of  this  low  grade  fuel 
in  south  eastern  Saskatchewan.  The  Federal  government  gave 
a  grant  of  $200,000  and  the  governments  of  Manitoba  and 
Saskatchewan  $100,000  each  for  practical  development  of  this 
scheme,  and  as  the  Council  is  an  advisory  body  and  has  no 
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function  in  the  way  of  actually  carrying  on  any  work,  a  board 
called  the  Lignite  Utilization  Board  was  established  and  has 
been  working  for  the  last  three  or  four  years  on  the  problem 
of  carbonizing  and  briquetting  this  lignite.  This  more  or  less 
elaborate  process  has  met  with  all  the  difficulties  that  manu- 
facturing entails,  and  many  difficulties  that  don't  appear  in 
the  laboratory  are  met  with  in  large  scale  operations.  But 
we  are  on  the  eve  of  making  it  possible  to  secure  a  really  good 
fuel  in  large  amounts  with  the  heating  power  of  anthracite, 
replacing  anthracite  in  all  the  eastern  part  of  the  plains  and 
possibly  shipping  to  Ontario  and  elsewhere. 

The  third  project  which  the  Council  forwarded  was  the 
utilization  of  the  peat  bogs  in  Canada.  I  can  remember  when 
companies  were  formed  long  ago  for  the  utilization  and  develop- 
ment of  peat  bogs  in  Canada.  We  have  excavations  at  Alfred 
that  were  made  by  the  Grand  Trunk  Railway  in  1859  to  secure 
peat  for  their  locomotives,  and  they  used  it  for  two  or  three 
years  and  then  abandoned  it.  One  company  after  another 
has  been  formed.  We  approached  the  Dominion  Government 
and  the  Ontario  Government  and  recommended  the  establish- 
ment of  this  peat  board  which  has  done  such  excellent  work 
on  the  bog  at  Alfred.  The  credit  for  this  must  be  due,  in  a 
very  considerable  measure,  to  Mr.  E.  V.  Moore,  who  has 
brought  the  best  engineering  ability  to  the  development  of 
this  problem.  This  consists  in  cutting  the  peat  at  the  lowest 
possible  cost,  cutting  down  the  expense  of  drying  and  in  that 
way  producing  the  fuel  at  the  lowest  possible  cost.  It  seems 
to  me  what  we  need  is  a  further  reduction  in  cost.  The  costs 
are  high  in  handling  the  peat  in  the  city  after  it  has  arrived. 
It  can  be  handled  more  cheaply  when  a  larger  sale  is  secured 
for  it.  If  a  larger  number  of  people  will  buy  peat  the  facilities 
for  handling  it  in  the  city  will  be  greatly  improved  and  the 
cost  reduced. 

I  have  used  peat  now  for  two  years,  not  in  the  furnace 
but  in  an  open  grate  and  it  is  a  most  excellent  fuel.  It  burns 
with  a  long  yellow  flame  at  first  and  then  with  a  steady  glow 
and  makes  an  excellent  and  very  cheerful  fire.  If  it  is  mixed, 
in  burning,  with  a  certain  amount  of  briquetted  anthracite, 
which  is  now  on  the  market,  it  makes  the  finest  fire  and  is 
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aa  good  as  any  fuel  one  ran  us?.    I  congratulate  Mr.  Moore 

and  the  others  who  have  brought  this  matter  forward.  The 
government  have  taken  a  Step  in  the  right  direction  in  appoint- 
ing this  Fuel  Board.  What  they  need  now  is  large  subventions 
to  carry  on  this  work.  It  cannot  be  carried  on  by  men  who 
arc  engaged  in  other  government  duties.  They  need  a  board 
that  shall  be  able  to  engage  two  or  thre?  men  who  have  ability 
and  knowledge  to  carry  on  an  investigation  of  this  very  im- 
portant matter  and  devote  their  whole  time  to  it.  The 
government  should  give  large  grants  to  the  Fuel  Board  in 
order  to  enable  them  to  make  a  very  thorough  study,  in  all 
its  aspects,  of  this,  the  most  important  matter  that  Canada 
has  at  the  present  time. 

Mr.  J.  B.  Verdon:  Has  any  experiment  been  made  of 
burning  peat  under  steam  generating  boilers  of  100  or  200  h.p.  ? 

Mr.  E.  V.  Moore:  We  actually  operated  two  80  h.p. 
boilers  with  peat  fuel  very  successfully,  but  there  is  no  criterion 
of  the  efficiency  of  peat  for  a  big  boiler.  Our  principal  need 
was  a  light  boiler,  and  although  we  generated  steam  continually 
with  peat  we  dit  not  do  it  very  efficiently,  nor  do  I  think  the 
field  for  air  dried  peat  is  in  the  generation  of  steam.  At 
present  air  dried  peat  is  designed  for  certain  domestic  purposes, 
not  to  replace  anthracite  coal  but,  as  an  auxiliary  domestic  fuel. 

Mr.  B.  F.  Haanel:  In  our  experimental  station  at  Ottawa 
we  have  secured  fairly  good  results,  comparable  with  other 
coals,  on  a  heat  unit  basis.  In  Germany,  before  the  war, 
they  had  a  very  large  plant  near  Wilhemshaven,  —  a  20,000 
h.p.  plant  —  and  the  boilers  were  specially  designed  for  the 
use  of  peat.  The  efficiency  was  so  great  and  the  cost  was 
reduced  to  such  an  extent  that  it  was  cheaper  to  burn  peat 
at  $1.50  a  ton  than  Welsh  coal  at  $3.50  a  ton.  But  the  prin- 
cipal use  to  which  peat  should  be  put  is  in  the  production  of 
gas  in  a  by-product  gas  producer.  Peat,  as  a  general  rule, 
has  a  comparatively  high  content  of  free  nitrogen  which  makes 
it  especially  valuable  for  utilization  in  a  by-product  recovery 
gas  producer,  in  which  75  per  cent  of  the  nitrogen  is  made 
available  for  fertilizer  purposes.  In  Europe  where  the  process 
has  been  tried  out,  in  Germany  and  Italy,  they  have  found 
that  the  profits  realized  from  the  sale  of  by-products  has  cut 
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the  cost  down  to  such  a  point  that  they  could  afford  to  sell 
their  gas  at  a  nominal  rate  to  generate  power.  We  have  not 
much  demand  for  that  particular  kind  of  power  except  in  the 
vicinity  of  large  cities,  but  fortunately  the  large  peat  bogs  do 
occur  in  the  most  thickle  populated  areas.  Our  Canadian  peats 
contain  a  high  percentage  of  nitrogen  and  are  particularly 
suited  for  gasification.  That  is  one  of  the  big  uses  to  which 
peat  might  be  put,  but  first  it  will  have  to  be  manufactured 
according  to  the  process  worked  out  by  the  Fuel  Committee. 

Dr.  C.  V.  Corless:  Have  you  any  figures  as  to  the 
anthracite  equivalent  of  peat  and  has  the  total  tonnage  of  it 
ever  been  estimated  ? 

Mr.  B.  F.  Ha  anel:  We  have  not  employed  many  men 
for  this  purpose  and  the  work  has  been  somewhat  slow,  but 
since  we  commenced  the  work  in  1919,  we  have  completely 
surveyed  and  measured  122  bogs.  Of  these,  46  are  situated  in 
Ontario  and  27  in  Quebec.  The  bogs  so  far  examined  in  the  central 
provinces,  well  situated  in  regard  to  inhabited  areas  and  trans- 
portation facilities,  are  estimated  to  contain  114,000,000  short 
tons  of  recoverable  peat.  We  have  available  for  the  public  com- 
plete information  concerning  88  bogs  containing  114,000,000  tons 
of  fuel,  which  is  not  an  inconsiderable  amount. 


THE  WOOD  FUEL  SITUATION  IN  EASTERN  CANADA. 

Roland  D.  Craig. 

(Annual  and  General  Meeting,  Montreal,  Marcb  i(J23) 

The  forests  of  Canada  are  composed  of  two  distinct  classes 
of  trees,  the  hardwoods  or  broad-leaved  species  and  the  soft 
woods  or  coniferous  species.  The  softwoods  frequently  grow 
in  pure  stands  but  under  natural  conditions,  in  Canada,  the 
hardwoods  are  usually  found  mixed  with  the  softwoods. 

One  of  the  most  serious  problems  in  the  management  of 
our  mixed  hardwood  and  softwood  forests  is  to  prevent  the 
encroachment  of  hardwoods  following  old  cuttings  and  fire. 
Our  forest  industries  are  dependent  primarily  on  the  softwoods, 
and  it  is  the  object  of  forestry  practice  in  Canada  to  foster 
the  production  of  these  species.  As  a  result  of  the  progressive 
cutting  of  the  pine,  spruce,  balsam  and  hemlock,  these  species 
are  being  eliminated  and,  throughout  large  areas,  hardwoods 
have  taken  their  place. 

Foresters  distinguish  two  classes  of  hardwoods,  the  tole- 
rant and  the  intolerant  species.  The  former  include  maple, 
yellow  birch,  and  beech  which  are  capable  of  withstanding 
the  competition  of  the  conifers  in  a  mixed  stand,  and  if  given 
an  advantage  will  ultimately  dominate  the  stand  to  such  an 
extend  that  the  reproduction  of  the  more  valuable  softwoods 
will  be  prevented.  The  tolerant  hardwoods  are  the  more 
valuable  for  fuel.  The  intolerant  class  include  poplar  and 
white  birch,  which  usually  form  a  temporary  fire- following 
type  which  is  eventually  replaced  by  conifers  if  the  latter  are 
given  an  opportunity. 

In  our  mixed  stands  it  is  essential  to  utilize  the  hardwoods 
along  with  the  softwoods,  if  the  production  of  softwoods  is  to 
be  maintained.  This  has  been  to  a  large  extent  impracticable, 
owing  to  a  lack  of  a  market  for  the  hardwoods,  and  the  diffi- 
culty in  getting  them  out,  since  they  cannot  be  river  driven  to 
the  same  extent  as  the  softwoods.    The  increase  in  the  use  of 

(242) 
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logging  railways,  trucks  and  tractors  will  help  to  solve  the  ex- 
ploitation difficulties  if  a  market  is  provided. 

The  decrease  in  the  supply  of  hardwood  in  the  United 
States  is  having  a  stimulating  effect  on  the  demand  for  Can- 
adian hardwood  lumber,  and  if  a  market  for  fuel  can  be  deve- 
loped, a  much  larger  utilization  will  be  possible. 

Hardwood  Distribution. 

Fortunately  the  location  of  the  most  valuable  fuel  woods 
in  Canada,  coincides  very  closely  with  the  regions  where  the 
fuel  shortage  is  most  acute.     The  tolerant  hardwoods  are 


Plate  1 — Mixed  Stand  of  Young  Spruce  and  White  Birch 
in  Northern  Ontario. 

distributed  throughout  the  area  lying  south  of  a  line  extending 
from  Lake  Superior  to  the  Saguenay  river,  including  the 
Gaspe  peninsula,  New  Brunswick  and  Nova  Scotia. 

North  of  this  tolerant  hardwood  area,  there  is  a  broad 
belt  extending  through  the  wooded  portions  of  the  Prairie 
Provinces  to  the  interior  of  British  Columbia,  where  poplar 
and  white  birch  are  prevalent. 

Only  the  tolerant  hardwood  belt  will  be  discussed  in  this 
paper,  since  the  demand  for  fuel  is  chiefly  within  the  bound- 
aries of  this  belt  and  these  woods  are  the  most  valuable  for 
fuel.    The  woodlands  of  this  group  may  be  divided  into  two 
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groups,  those  in  the  settled  districts  and  those  in  the  northern 
unsettled  portion  of  the  belt. 

Ontario. 

Of  the  25,274,000  acres  of  assessed  land  in  Ontario, 
3,224,000  acres  are  classified  as  mature  hardwood,  580,300 
acres  as  young  hardwood  and  2,859,000  acres  as  cut-over,  a 
total  of  6,663,000  acres  on  which  hardwood  fuel  could  be 
produced.  In  the  unsettled  portion  of  the  hardwood  belt, 
there  is  estimated  to  be  4,760,000  acres  of  mature  timber, 
3,367,000  acres  of  young  growth  and  55,700  acres  of  cut-over 
lands.  The  forests  in  the  unsettled  area  are  mixed  coniferous 
and  hardwood  of  which  there  is  considerable  poplar  and  white 
birch,  as  well  as  the  tolerant  species.  The  total  area  of  young 
and  mature  hardwood  in  Ontario,  is  probably  about  7.5  to  8 
million  acres  with  an  additional  3.  to  3.5  million  acres  of  cut- 
over  land,  which  if  not  required  for  agriculture,  could  produce 
fuel  wood. 

Quebec. 

In  Quebec,  the  23,570,000  acres  of  assessed  land  includes 
4,280,500  acres  of  mature  hardwood  and  850,000  acres  of 
young  hardwood  growth.  In  the  unsettled  portion,  there 
is  estimated  to  be  about  6  million  acres  of  mature  and  one 
million  acres  of  young  timber  in  the  mixed  type.  The  real 
hardwood  lands  in  the  Province  would  probably  include  about 
8  million  acres  with  an  additional  2  to  3  million  acres  of  cut- 
over  lands  of  potential  value. 

Maritime  Provinces. 

In  New  Brunswick  there  is  perhaps  3,800,000  acres  of 
hardwood  bearing  lands  and  in  Nova  Scotia  2,500,000  acres. 

Hardwood  Resources. 

There  is  very  little  reliable  information  as  to  the  amount 
of  hardwood  in  Eastern  Canada,  due  to  the  fact  that  it  has  not 
been  considered  of  great  value.  It  may  be  estimated,  how- 
ever, that  within  the  tolerant  hardwood  belt  in  Ontario,  there 
is  about  30  to  40  million  cords  of  hardwood  of  which  about  one- 
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sixth  is  of  saw-timber  size.  In  Quebec  there  may  be  50  million 
cords  of  which  one-fifth  is  saw  material.  In  New  Brunswick 
there  is  estimated  to  be  about  40  million  cords  of  which  45 
percent  is  saw  material,  and  in  Nova  Scotia  30  million  cords 
of  which  one-quarter  is  saw  material.  This  includes  about  two 
million  cords  of  poplar  in  each  province. 

From  what  information  we  have,  there  appears  to  be 
about  150  million  cords  of  hardwood,  within  the  tolerant 
hardwood  belt,  in  these  four  Provinces.  As  pointed  out, 
these  estimates  are  based  on  scanty  data  and  may  be  consider- 
ably too  low.  The  hardwood  resources  are  particularly  ex- 
posed to  fire  since  they  are  cut-over  to  a  large  extent.  During 
the  five  years  1917-1921,  about  120,000  acres,  on  the  average, 
of  hardwood  lands  in  Ontario  were  burned. 

It  is  impossible  to  arrive  at  any  estimate  of  the  annual 
growth  while  most  of  our  hardwood  lands  are  receiving  such 
destructive  treatment.  On  the  22  million  acres  of  forested 
and  cut-over  hardwood  lands  in  Ontario  and  Quebec,  it  should 
be  possible  to  grow  four  to  five  million  cords  of  wood  per  year. 
It  is  doubtful  if  half  of  this  increment  is  being  realized,  since 
there  is  no  net  increment  in  mature  fully  stocked  stands,  and 
the  farmers'  wood-lots  are,  on  the  whole,  deteriorating  rather 
than  improving  as  a  result  of  neglect. 

The  Annual  Cut. 

Although  the  compilation  of  the  wood  fuel  statistics  for 
the  1920  census  is  not  complete,  it  is  estimated  that  in  that 
year  approximately  8,600,000  cords  were  used  in  Canada, 
practically  all  of  which  came  from  wood-lots  or  land  clearing 
operations  in  the  settled  districts.  This  approximates  a  con- 
sumption of  one  cord  per  capita  which  corresponds  with  the 
fuel  consumption  of  110  million  cords  per  annum  in  the  United 
States.  Since  much  of  our  fuel  is  derived  from  lands  being 
cleared  and  in  view  of  the  importance,  from  a  silvicultural 
viewpoint,  of  reducing  the  proportion  of  hardwood  in  our  per- 
manent forests,  there  is  no  reason  why,  for  some  years  at  least, 
the  cut  should  not  exceed  the  annual  growth.  Severe  cutting 
would  in  many  cases  improve  the  growing  condition  of  the 
forests. 
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The  Farmers'  Wood-lots  as  a  Source  of  Fuel. 

It  is  often  suggested  thai  sufficient  wood  could  be  grown 
on  the  farmers'  wood-lots  to  render  the  rural  population 
Independent  of  coal.  This  is  true  only  in  the  newer  districts 
where  the  land  is  being  cleared,  but  in  the  older  settled  districts 
of  the  country,  the  land  is  too  valuable  to  permit  of  a  farmer 
keeping  enough  under  forest  to  provide  sufficient  fuel  for  his 
own  use.     On  most  farms  there  are  rocky  or  rough  areas  which 


Plate  2 — A  Farmer's  Wcod-lot  near  Ottawa.     Reproduction  is 
prevented  by  allowing  Cattle  to  graze  in  the  lot. 


can  best  be  utilized  for  growing  wood,  but  on  the  average 
farm  of  100  acres,  in  the  older  settlements,  there  is  not  usually 
over  10  or  at  the  most  30  acres  of  such  land. 

Under  good  management  it  might  be  possible  to  produce 
half  a  cord  per  acre  per  year  in  these  wood-lots.  But  under 
the  present  system  of  handling  wood-lots,  where  stock  is 
allowed  to  destroy  the  young  growth  and  cuttings  are  made 
with  no  thought  of  maintaining  production,  it  is  doubtful  if 
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more  than  one-tenth  of  a  cord  per  acre  is  being  produced  and 
in  many  cases  the  stand  is  not  even  being  sustained.  An  or- 
dinary farm  house  will  use  about  15  cords  per  year,  so  that 
even  under  good  management,  it  would  take  30  acres  to  furnish 
this  amount  annually. 


Fuel  Value  of  Wood. 

The  composition  and  calorific  value  of  equal  weights  of 
absolutely  dry  wood  is  practically  the  same  in  all  species, 
though  the  presence  of  gums,  resins  and  oils  in  some  species 
slightly  increases  the  heating  value.  The  average  composition 
is  as  follows: — 

Per  Cent 

Carbon 49 

Oxygen 44 

Hydrogen 6 

Ash 1 

Wood  ordinarily  contains  considerable  water,  which  requires 
heat  for  evaporation,  thereby  reducing  its  heating  value. 
When  fresh  cut,  it  may  contain  50  per  cent  of  water,  and  when 
thoroughly  air  dried  will  still  contain  20  per  cent.  As  ordinari- 
ly sold,  100  lbs.  of  air  dried  wood  consists  of  74  lbs.  of  wood 
substance,  25  lbs.  of  water,  and  one  pound  of  ash.  In  the 
process  of  combustion  the  combination  of  the  hydrogen  and 
oxygen  produces  36  lbs.  of  additional  moisture,  so  that  the 
total  amount  of  water  to  be  evaporated  is  61  pounds  and  the 
effective  heating  value  is  reduced  to  72  per  cent  of  that  of 
absolutely  dry  wood.  A  pound  of  thoroughly  dry  wood  will 
furnish  between  7000  and  9000  B.T.U's.as  compared  with  12,000 
to  14,000  B.T.U's.  from  good  coal.  By  weight,  therefore, 
wood  containing  25  per  cent  water  possesses  only  abou  41 
per  cent  of  the  heat  value  of  coal. 

Since  we  are  accustomed  to  measure  wood  by  the  cord, 
the  relative  value  of  the  wood  will  be  more  readily  appreciated 
if  we  compare  a  cord  of  wood  to  a  ton  of  coal.  The  following 
figures  are  given  by  the  United  States  Forest  Products  Labor- 
atory for  the  principal  woods  found  in  Eastern  Canada. 
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Heat  Values  of  the  Principal  Woods  in  Eastern  Canada. 


The  vailable  heat 

The  percentage 

The    va! 

ue    of   a 

units,  per  cord  of 

heat    value,     per 

cord  of  wood  com- 

Species 

90  solid  < 

:u.  ft.  in 

cord,       compared 

pared  wi 

th  coal  at 

millions  of  B.T.U's 

with  a  short  ton 

$16.50    per    short 

of  good  coal. 

ton. 

Hardwoods 

Air  dry 

Green 

Air  dry 

Green 

Air  dry 

Green 

White  Ash 

23.0 

22.4 

88 

86 

$14.52 

$14.19 

Sugar  maple 

21.8 

20.4 

84 

78 

13.86 

12.87 

Red  Oak 

21.7 
20.9 
20.9 

19.6 
19.7 
19.4 

83 
80 

80 

75 

76 
75 

13.70 
13.20 
13.20 

12.38 

Beech 

12  54 

Yellow  Birch 

12.38 

Red  Maple 

19.1 

17.6 

73 

68 

12.05 

11.22 

White  Birch 

18.2 

16.7 

70 

64 

11.55 

10.56 

White  Elm 

17.7 

15.8 

68 

61 

11.22 

10.07 

Aspen 

14.1 
12.6 

12.1 
11.0 

54 
48 

47 
42 

8.91 
7.92 

7.76 

Basswood 

6.93 

Softwoods 

Larch 

19.1 
17.8 
15.7 
15.0 

18.1 
16.8 
13.4 

12.8 

73 

68 
60 
58 

70 
65 
52 
49 

12.05 

11.22 

9.90 

9.57 

11.55 

Red  Pine 

10.73 

Jack  Pine 

8.58 

Hemlock 

8.09 

White  Pine 

14.2 

12.9 

55 

50 

9  08 

8.25 

White  Spruce 

14.1 

13 .5 

54 

52 

8.91 

8.58 

Balsam  fir 

13.5 
11.3 

11.5 

10.7 

52 

43 

46 
41 

8.58 
7.10 

7.59 

Cedar 

6.77 

The  above  figures  assume  that  7350  B.T.U's.  are  available 
per  pound  of  dry  wood,  which  is  a  low  estimate  according  to 
some  authorities.  It  is  probably  that  our  northern  grown 
woods  would  possess  higher  heat  values  than  the  faster  growing 
woods  of  the  south,  since,  in  some  species  at  least,  the  density 
increases  with  the  severity  of  the  climate.  These  figures  in- 
dicate, however,  that  with  the  exception  of  aspen  and  bass- 
wood,  the  hardwoods  compare  favourably  in  price  with  good 
hard  coal.  When  compared  with  poorer  coals,  containing 
only  10,000  B.T.U's.  per  pound,a  cord  of  hardwood  is  practically 
equal  if  not  superior,  in  heating  qualities  to  a  ton  of  coal. 
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Disadvantages  in  the  Use  of  Wood. 

The  main  disadvantage  of  wood  fuel  is  its  bulk.  This 
makes  it  more  expensive  to  transport  and  increases  the  diffi- 
culty of  storage  and  also  its  use  in  small  furnaces  designed  for 
coal.  It  also  burns  much  more  rapidly  than  coal  and  requires 
more  stoking.  In  order  to  make  the  best  use  of  wood  it  should 
be  thoroughly  air  dried  and  this  necessitates  cutting  during  the 
previous  season.  There  is  also  the  danger  of  deterioration 
from  rot  if  stored  too  long  in  poorly  ventilated  piles. 

Advantages. 

On  the  other  hand,  wood  makes  a  quick  hot  fire,  it  is 
easily  regulated,  and  occasions  a  minimum  of  annoyance  from 
smoke,  gas  and  ashes. 

During  the  past  winter  in  Ottawa  with  its  periods  of 
20  deg.  to  35  deg.,  below  zero  weather,  the  writer  burned  wood 
in  his  domestic  furnace  and  had  no  difficulty  in  keeping  the 
house  warm  and  in  banking  the  fire  during  the  night. 

If  we  could  obtain  good  wood,  at  the  reasonable  price  of 
say  $10.  or  $12.  per  cord,  a  great  deal  of  this  desirable  fuel 
could  be  used  to  advantage  in  combination  with  coal.  This 
would  effect  a  saving  in  coal,  reduce  our  fuel  bills  and  add  to 
the  comfort  and  happiness  of  our  homes.  There  is  nothing 
which  contributes  more  cheer  in  the  long  winter  evenings  than 
a  flaming  wood  fire. 

Wood  Waste. 

In  the  manufacture  of  lumber  only  about  one- third  of 
the  wood  of  a  tree  is  represented  in  the  finished  product. 
Part  of  the  waste  is  in  tops,  branches,  and  stumps  left  in  the 
woods,  but  from  40  to  50  per  cent  of  the  cubic  contents  of 
the  logs  is  wasted  in  the  mills.  The  smaller  the  logs,  the  higher 
the  percentage  of  waste  material. 

In  general  it  may  be  said  that  for  every  1000  feet  B.M.  of 
lumber  manufactured,  there  is  100  cubic  feet,  or  the  equiva- 
lent of  one  cord,  of  wood  refuse.  Some  of  this  is  salvaged  in 
the  manufacture  of  lath,  and  practically  every  saw  mill  depends 
on  its  refuse  for  the  development  of  power.    Some  of  it  is  sold 
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for  fuel  but  by  far  the  greater  proportion  of  it  goes  to  the  refuse 
burners  which  are  the  most  prominent  features  of  our  saw-mills. 
With  our  annual  cut  of  about  4  billion  feet  of  lumber,  it  is 
estimated  that  the  mill  refuse  amounts  to  about  4  million 
cords.  The  1920  report  of  the  Bureau  of  Statistics  shows 
that  only  381,504  cords  or  practically  10  per  cent  of  slabs, 
edgings  and  sawdust  were  used  as  fuel  in  the  mills.  Perhaps 
another  10  per  cent  was  sold  for  fuel,  leaving  upwards  of 
3,200,000  cords  that  were  wasted. 

This  material  consists  of  94  per  cent  of  soft  wood  so  that 
a  cord  would  not  possess  a  fuel  value  exceeding  55  per  cent  of 
the  fuel  value  of  a  ton  of  coal.     Even  at  that  low  figure  it  would 


Plate  3 — Saw  Mill  Refuse  Burner. 

It  is  estimated  that  3,200,000  cords  of  wood  are  destroyed 

annually  in  these  burners  in  Canada. 

be  equal  to  1,760,000  tons  of  coal.  Much  of  this  wasted  ma- 
terial could  be  used  by  industries  where  transportation  and 
other  facilities  for  handling  this  class  of  fuel  could  be  installed. 
One  difficulty  in  using  raw  mill-waste  in  eastern  Canada  is 
that  the  saw-mills  are  closed  in  the  winter. 

Briquetts. 


Several  attempts  have  been  made  to  use  this  waste  wood 
for  the  manufacture  of  fuel  briquetts.    This  appears  to  have 
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been  solved  after  extensive  experimentation  by  the  West  Coast 
Lumberman's  Association  at  Centralia,  Wash.,  U.S.A.  By 
this  process  the  wood  is  carbonized,  one  per  cent  of  oil  is  added 
as  a  binder  and  the  carbonized  waste  is  pressed  into  briquetts. 
Tests  have  shown  that  these  carbon  briquetts  contain  about 
the  same  number  of  B.T.U's.  per  pound  as  the  best  bituminous 
coal  and  that  they  can  be  used  successfully  for  locomotives, 
donkey  engines,  furnaces  and  open  grates.  They  have  the 
advantage  of  being  practically  smokeless  and  sootless  and 
contain  only  2  per  cent  of  ash.  At  a  mill  cutting  200,000 
B.F.  per  day,  60  tons  of  these  charcoal  briquetts  can  be  pro- 
duced at  a  cost  on  the  car,  of  $8.  per  ton.  If  the  by-products, 
consisting  of  15  gallons  of  tar  oil,  8  gallons  of  acetone  alcohol, 
and  30,000  cu.  ft.  of  wood  gas  per  ton  are  recovered,  as  they 
easily  may  be,  it  is  claimed  that  the  profits  on  these  by-products 
would  almost  offset  the  entire  cost  of  manufacturing  the  bri- 
quetts. 

From  enquiries  made  of  the  wood  dealers  in  Ottawa,  it 
appears  that  in  1921-1922  approximately  the  following  amount 
of  wood  was  sold  in  that  city. 

Hardwood 10,000  cords 

Softwood 1,500      " 

Millwood 10,000      " 


21,500      " 

For  hardwood  the  average  cost  at  point  of  loading  was 
$6.80  per  cord,  transportation  cost  S2.50  and  the  selling  price 
was  S13.10,  leaving  S3. 80  for  the  cost  of  delivery  in  the  city 
and  the  dealers'  profits.  The  wood  originated  largely  from  the 
Gatineau  valley  in  the  Province  of  Quebec,  northeast  of  and 
close  to  Ottawa,  but  some  of  it  was  shipped  from  points  from 
100  to  200  miles  distant.  Some  of  it  came  from  St.  Regis, 
Falls,  X.Y.,  in  the  United  States. 

The  softwood  cost  on  the  average,  S4.25  at  the  point  of 
loading,  transportation  cost  S2.90  and  the  selling  price  was 
S10.10.  The  millwood  cost  S4.70,  transportation  amounted 
to  SI. 40  and  the  selling  price  was  S8.13,  per  cord.  If  these 
figures  are  correct  there  was  not  much  profit  for  the  dealers 
while  the  consumers  paid  all  that  the  wood  was  worth  as  fuel, 
compared  with  coal  at  S16.50  per  ton. 
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CONCLl  SIONS. 

In  conclusion  it  may  be  pointed  out  that  aside  from  con- 
serving  the  coal  supply,  the  use  of  wood  for  fuel  will  provide 
a  much  needed  market  for  our  hardwoods,  especially  for  the 
grades  that  cannot  be  used  for  lumber.  There  is  a  tremendous 
amount  of  wood  wasted  in  the  woods  and  in  the  mills  which 
might  profitably  be  used  for  fuel  in  industrial  plants  and  in  the 
homes  of  our  people. 

Although  it  is  true  that  in  the  older  settled  districts  it  is 
not  economically  feasible  to  grow  enough  wood  for  local  needs, 
a  great  deal  more  could  be  grown  if  proper  care  were  taken 
of  the  wood-lots,  and  if  all  of  the  land  not  suitable  for  agri- 
culture, were  devoted  to  the  production  of  wood.  The  estab- 
lishment of  municipal  forests  would  be  of  great  value  in  this 
connection.  In  the  more  thinly  settled  areas,  where  land 
clearing  operations  are  still  in  progress,  wood  could  be  used 
to  supply  to  a  large  extent,  if  not  entirely,  the  fuel  requirements 
of  not  only  the  rural  population  but  also  some  of  the  smaller 
towns  and  villages. 

If  a  market  could  be  assured  and  transportation  charges 
are  not  too  high  large  amounts  of  hardwoods  could,  with  advan- 
tage, be  cut  from  our  forests  lands  and  supplied  to  the  cities. 

In  order  to  increase  the  use  of  wood  fuel  the  public  must  be 
educated  with  regard  to  its  value  and  the  price  must  be  main- 
tained sufficiently  below  that  of  coal  to  encourage  its  use.  The 
main  factor  in  the  cost  to  the  consumer,  and  one  which  might 
be  reduced,  is  the  cost  of  transportation.  From  the  view  point 
of  the  producer  and  the  dealer  the  uncertainty  in  the  demand 
for  wood  fuel  is  a  serious  obstacle.  The  consumer  can  do  his  share 
toward  securing  better  wood  at  lower  prices  if  he  will  take  the 
trouble  to  place  his  orders  early  in  the  year  and  with  more 
regularity  from  year  to  year  than  he  has  done  in  the  past. 


Discussion 

Mr.  W.  M.  Goodwin:  There  is  one  point  that  is  not  dealt 
with  directly  in  Mr.  Craig's  paper,  although  he  mentioned  it. 
I  do  not  think  it  should  escape  us,  because  it  primarily  concerns 
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the  metallurgist.  He  speaks  of  the  use  of  wood  as  charcoal. 
He  also  mentions  the  soft  wood  forests  in  connection  with  the 
growth  of  dissiduous  trees,  like  birch.  That  appears  to  present 
a  problem  that  we  must  solve.  It  is  not  up  to  the  forestry 
people  at  all.  We  should  provide  a  use  for  this  in  man- 
ufacturing metallurgical  charcoal.  I  bring  this  to  the  attention 
of  the  meeting  and  suggest  that  Dr.  Stansfield  is  competent 
to  discuss  this  question. 

Dr.  A.  Stansfield:  There  are  of  course,  at  present,  a 
number  of  projects  under  consideration  with  the  view  of 
using  charcoal  for  the  reduction  of  iron  ores  that  are  to  be 
treated  electrically.  This  scheme  has  been  under  consideration 
for  some  time  and  is  being  worked  out  very  gradually  by  the 
American  authorities.  There  seems  to  be  an  expectation  that 
ultimately  there  may  be  some  development  in  that  direction. 
Direct  electrical  smelting  of  iron  ores  has  not  generally  been 
found  useful  in  practical  application.  There  does  seem  to  be 
reasonable  expectation  that  a  process  may  be  found  whereby 
iron  ore  will  be  reduced  by  a  metallic  batten-  and  that  battery 
will  be  used  for  the  production  of  steel.  Such  a  process  will 
require  much  less  power  than  direct  electric  smelting. 

Mr.  T.  W.  Gibson:  It  may  be  of  interest  to  the  members 
to  learn  of  an  experiment  made  some  years  ago  by  the  govern- 
ment of  Ontario  in  connection  with  the  supply  of  wood  fuel. 
In  1918,  when  the  United  States  railroads  were  congested 
with  men  and  munitions  moving  to  the  Atlantic  ports,  it  was 
just  as  hard  to  get  coal  as  it  was  this  past  winter.  In  view 
of  the  situation,  it  was  thought  advisable,  as  a  war  measure, 
by  the  government  of  Ontario,  to  cut  a  suitable  quantity  of 
wood  in  the  hard  wood  forests  along  the  Grand  Trunk  and 
Transcontinental  railways.  The  weed  was  delivered  at  points 
along  the  railroad,  where  it  could  be  conveniently  loaded  on 
cars.  The  municipalities  were  circularized  and  the  wood 
offered  them  at  cost  price.  It  proved  in  the  end  almost 
impossible  to  get  the  municipalities  or  the  people  in  cities, 
towns  or  country  places  to  take  this  wood.  The  market 
seemed  impervious  to  wood  on  a  large  scale. 

Some  of  the  municipalities  were  prompted  to  cut  wood 
for  their  towns,  and  they  had  the  same  experience  as  the 
government.     People  did  not  want  it.     It  was  all  good  wood, 
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maple,  birch,  and  so  forth,  and  good  value.  The  government 
had  to  sell  all  they  had  cut  at  a  -mall  figure  to  prevent 
deterioration. 

I  mention  this  because  the  fact  is  of  interest  as  showing 
you  how  difficult  it  is  to  get  people  to  change  from  a  fuel 
with  which  they  are  accustomed. 

Dr.  E.  P.  Mathewson:  One  thing  has  not  been  mentioned 
by  the  reader  of  the  paper,  and  that  is  the  by-products  from 
wood  fuel.  The  distillation  of  flotation-oils  and  the  production 
of  charcoal  from  the  stumps.  This  has  been  studied  in  both 
Canada  and  the  United  States,  and  it  has  been  found  that  a 
good  flotation-oil  can  be  obtained  from  the  stumps  of  nearly 
all  the  trees  that  are  used  for  fuel. 

Dr.  A.  Stansfield:  I  would  like  to  ask  the  author  of  the 
paper  at  what  price  could  charcoal  be  made  for  electrical 
smelting  and  such  purposes  ? 

Mr.  R.  D.  Craig:  I  am  afraid  I  cannot  answer  that. 
There  has  not  been  much  charcoal  manufactured  in  Canada. 
In  Europe,  of  course,  it  is  a  large  industry  in  connection  with 
the  forests.  If  we  had  a  market  for  it  at  a  reasonable  price 
I  think  our  waste  in  the  woods  would  be  used  for  charcoal. 

Mr.  A.  Campbell:  In  connection  with  Mr.  Gibson's 
difficulty  in  getting  people  to  change  fuels.  In  Perth,  where 
I  live,  there  are  a  great  many  people  using  wood  and  the 
town  has  been  buying  wood  lots  for  a  number  of  years,  each 
year  they  buy  a  few  new  lots  and  send  men  out  to  cut  the 
wood.  This  supplies  maple  and  beech  and  other  hard  woods 
at  $6.  when  green  and  dry  wood  at  $10.  a  cord,  so  wre  are  a 
little  better  off  than  the  Ottawa  people. 


FUEL    OIL    AS    AN    AID    TO    CIVILIZATION. 

By  C.  D.  Dean.* 

(Annual  General  Meeting,  Montreal  1923) 

Broadly  speaking  all  definitions  of  civilization  attempt  to 
co-relate  the  interplay  of  the  conflicting  necessities  of  our 
material  existence  and  the  effort  of  the  mind  to  free  itself 
from  the  limitations  these  impose.  No  comprehensible  stand- 
ard has  as  yet  been  established  for  the  intangibilities  of  the 
mind  and  by  the  authority  of  usage,  if  for  no  other  reason, 
a  physical  standard  from  the  materialistic  viewpoint  is 
customarily  adopted  for  measuring  differences  in  civilization. 

At  the  dawn  of  intelligence  man  made  tools  wherewith 
to  supply  his  wants  but  the  amount  of  progress,  possible  by 
this  means,  was  altogether  limited  by  the  amount  of  physical 
force  each  individual  could  exert  whether  applied  in  the  chase 
or  in  garnering  the  fruits  and  grains  supplied  by  the  apparent 
irresponsibility  of  nature.  His  next  step  was  to  apply  his 
growing  intelligence  to  domesticating  animals,  compelling 
the  exercise  of  their  greater  physical  force  and  their  capabilities 
for  speedier  action  to  his  aggrandisement.  This  opened  the 
way  for  selecting  fixed  habitations  in  the  most  favourable 
portions  of  the  Globe  and  the  recorded  history  of  mankind, very 
nearly  up  to  the  eighteenth  century,  is  almost  exclusively  a 
record  of  progress  induced  by  animal  power.  Of  all  the 
animals  domesticated  the  horse  proved  to  be  the  most  advan- 
tageous and  civilization  was  predicated  on  the  limitations  of 
force  and  speed  of  which  that  animal  is  capable  as  well  as  the 
number  that  could  safely  be  co-ordinated  into  united  action. 

When  man  started  to  apply  the  inanimate  forces  of  nature 
to  supplying  his  wants  he  opened  up  possibilities  that  apparent- 
ly are  only  limited  by  his  ingenuity  for  integrating  devices, 
but  he  had  to  select  a  unit  for  power  and  instead  of  expressing 
this  in  terms  of  man  power  he  expressed  it  as  the  equivalent 
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of  a  horse  of  arbitrarily  selected  standard,  and  we  roughly 
measure  civilization  to-day  by  the  number  of  horse  powers 
per  capita  applied  to  industry  and  transportation. 


Natural  Forces. 

The  forces  of  nature  that  can  be  made  use  of  fall  into 
two  general  classes.  In  the  first  class  lie  those  that  might  be 
termed  active,  such  as  the  direct  energy  from  the  sun  and  those 
forms  resultant  from  this  —  winds,  precipitation  of  moisture, 
waves  on  bodies  of  water,  and  finally  tides  in  the  oceans  induced 
by  the  influence  of  the  moon.  Of  all  these  forms,  the  only 
one  now  made  use  of  by  man  directly,  and  in  a  comprehensive 
way,  is  the  precipitation  of  moisture  only  after  it  has  reached 
the  earth  and  in  favourable  locations  where  the  water  flows 
in  its  channels  from  a  higher  to  a  lower  level  on  its  way  to  the 
sea. 

The  fundamental  reasons  for  the  general  lack  of  use  of 
these  perceptible  forms  are  that  the  supply  is  sporadic  and  of 
too  wide  diffusion  over  the  area  of  the  earth  to  be  readily 
diverted  and  intensified  in  the  state  of  present  day  knowledge. 

In  the  second  class  lie  those  forms  of  energy  that  might  be 
termed  suspended,  for  want  of  a  better  name  and  these  are  the 
result,  primarily,  of  the  storing  up  over  the  ages  of  the  energy 
from  the  sun  in  static  condition,  either  on  the  surface  or  in  the 
interior  of  the  earth's  crust. 

The  chief  characteristic  of  this  form  of  energy  is  that  it  is 
stable  in  its  imprisonment  under  the  ordinary  vicissitudes  of 
nature  and  to  release  it  requires  a  chemical  transformation, 
that  can  only  be  induced  by  raising  the  temperature,  beyond 
the  ranges  ordinarily  experienced  in  nature  which  are  sufficient- 
ly high  to  assure  the  constant  but  slow  transformation  of  life 
and  matter  in  their  myriad  ramifications.  Under  this  heading 
falls  those  substances  —  wood,  coal  and  oil,  which  are  alike 
in  yielding  practically  the  same  products  of  combustion,  carbon 
dioxide  and  water,  neglecting  ash  which  may  be  said  to  be  the 
medium  that  gives  the  first  two  form  and  the  lack  of  which 
may  account  for  the  formlessness  of  the  last. 


Fuel  Oil  and  Civilization — Dean  257 

A  digression  may  be  permitted  to  mention  Radium, 
which  has  opened  up  all  the  interesting  speculations  on  atomic 
energy.  A  few  short  years  ago  it  was  discovered  and  for  some 
time  was  merely  a  laboratory  curiosity,  but  man  soon  started 
to  apply  it  for  curing  bodily  ills.  If  there  is  any  virtue  in  anal- 
ogy, its  use  in  this  manner  is  following  the  historic  record  of 
many  other  substances  that  are  of  every  day  familiarity. 

Treating  wood,  coal  and  oil  as  a  class  the  chief  character- 
istic is  that  they  contain  relatively  large  quantities  of  energy 
as  heat  in  comparatively  small  volume,  and  weight  for  weight 
their  differences  are  merely  those  of  concentration.  Looking 
at  nature  as  a  whole  it  is  seen  that  wood,  while  it  contains  the 
lowest  concentration,  is  the  most  widely  diffused  and  its  geo- 
graphical distribution  is  over  almost  the  whole  of  the  earth's 
surface  where  the  soil  can  give  sustenance  and  where  water 
and  ice  are  no  barriers.  The  quantity  available  for  the  use 
of  man  is  capable  of  quite  precise  estimation,  as  to  its  extent 
and  replacement,  and  reckoning  in  terms  of  geological  time, 
the  age  of  the  present  standing  growth  is  quite  recent. 

Coal,  the  next  in  degree  of  concentration,  occurs  well  below 
the  surface  of  the  earth's  crust  compacted  in  pockets  or  seams 
and  of  such  structure  as  to  betray  its  vegetable  origin,  so  that 
we  find  its  geographical  distribution  as  wide  as  that  of  present 
day  vegetation,  and  even  into  those  regions  that  cannot  now 
support  vegetable  life  in  any  form. 

Its  rate  of  formation  is  so  imperceptible  that  man  has  only 
been  able  to  detect  one  of  the  intermediate  steps  in  its  process 
from  vegetation  and  we  therefore  consider  this  form  as  of 
relatively  limited  amount,  and  its  birthday  is  shrouded  in  the 
dim  mists  of  geological  antiquity. 

Oil,  the  most  concentrated  form  of  heat  energy  of  prac- 
tical significance,  with  some  relatively  unimportant  exceptions, 
occurs  well  below  the  surface  of  the  earth's  crust  in  pockets  of 
the  most  haphazard  distribution  so  far  as  present  day  knowl- 
edge has  revealed.  Its  origin  is  a  matter  of  speculation,  even 
now,  and  therefore  man  has  no  recourse  but  to  assume  that  the 
supply  is  relatively  limited  and  offers  no  evidence  of  replace- 
ment.    It  is  sufficient  for  the  present  purpose  to  note  the 
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striking  relationship  between  high  concentration  of  energy, 
the  apparent  comparative  meagreness  of  supply  and  the  great 
antiquity  of  formation,  as  compared  with  coal  and  wood. 

Selection  of  Usable  Forms  of  Energy. 

It  is  a  fundamental  law  of  nature  that  she  accomplishes 
her  results  with  the  expenditure  of  a  minimum  of  effort  and 
man  individually  and  collectively  exemplifies  that  law.  In  our 
contest  with  the  material  world,  outside  of  our  bodily  neces- 
sities as  regards  food  and  the  life  process  generally,  our  interest 
lies  ultimately  in  the  physical  properties  of  matter  and  all 
chemical  transformations  when  used  are  a  means  merely  of 
getting  particularly  advantageous  ones.  Of  all  the  physical 
properties  known  the  most  desirable  are  great  strength  and 
elasticity  or  what  is  akin  to  it  ductility.  Some  natural  sub- 
stances such  as  wood,  and  clays  when  burned,  possess  these 
properties  in  some  relative  degree,  but  in  the  main  we  see 
industry  reducing  the  substances  of  nature,  which  nearly 
always  contain  oxygen,  to  elementary  forms  and  fashioning 
these  in  diverse  shapes  in  moulds  and  by  the  expenditure  of 
power  in  motion  and  integrating  these  shapes  into  articles 
either  of  utility  or  beauty.  It  is  characteristic  of  these  reduc- 
tion processes  that  they  require  high  temperatures  to  induce 
the  reactions  and  it  seems  that  by  oxidation  alone  are  these 
high  temperatures  possible  with  the  necessary  degree  of 
availability  to  suit  the  promiscuous  requirements  of  man. 

For  these  various  reasons  among  all  the  forms  of  energy 
apparent  to  his  senses,  it  was  no  mere  accident  that  man 
selected  the  oxidation  of  carbon  and  carbonaceous  materials 
as  the  agency  sufficiently  powerful  and  controllable  for  his 
purposes,  with  the  added  advantage  that  the  products  of 
combustion  are  gaseous  and  self-eliminating,  and  the  power 
expended  to-day  to  assist  in  the  art  of  living  is  predicated  on 
our  forests,  coal  deposits,  —  and  oil  pools. 

Naturally  man  started  to  use  the  form  which  seemed 
easiest  to  procure,  namely  wood  —  and  for  supplying  heat,  up 
to  the  middle  of  the  eighteenth  century,  this  was  about  the 
only  one  considered  applicable.    As  soon  as  it  was  found  that 
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the  difficulties  of  using  coal  for  similar  purposes  were  more 
apparent  than  real,  the  fundamental  characteristic  of  man's 
being,  his  innate  love  of  ease  asserted  itself  and  the  more  highly 
concentrated  and  compactly  distributed  fuel  displaced  wood, 
because  man  found  that  he  could  get  the  same  results  with 
the  expenditure  of  a  great  deal  less  labour. 

Introduction  of  Oil  in  the  Affairs  of  Man. 

Man's  mental  activity  is  such  that  his  day  does  not  end 
with  sunset.  Coincident  with  the  application  of  power  to 
industrial  purposes,  the  incentive  for  diversion  asserted  itself 
and  various  expedients  were  adopted  to  prolong  the  daylight 
hours  because  our  eyesight  is  the  great  avenue  of  impressing 
the  external  world  on  our  consciousness.  Animal  fat  from 
the  earliest  time  was  the  universal  agency  depended  on  for 
this  but  the  growing  demand  focused  the  attention  of  society 
in  other  directions. 

Coal  was  used  to  make  gas  but  this  only  had  an  appli- 
cation in  restricted  areas  and  in  Scotland  an  early  start  was 
made  in  supplying  mineral  oil  for  lighting  purposes  that  was 
capable  of  wider  use  because  of  its  portability,  and  the  Scotch 
shale  oil  industry  persists  to  this  day.  From  some  drilled  salt 
wells  in  Pennsylvania  in  the  United  States,  a  natural  oil  was 
skimmed  and  used  in  the  immediate  localities  for  this  purpose, 
but  curiously  its  supposed  medicinal  virtues  were  the  means 
of  diffusing  the  knowledge  of  its  existence  to  the  resourceful  and 
venturesome,  to  whom  society  has  always  owed  an  inestimable 
debt. 

In  the  year  1859,  the  first  well  with  oil  as  the  object,  was 
drilled  by  Colonel  E.  L.  Drake  at  Titusville,  Pennsylvania, 
and  this  constitutes  the  entering  wedge  of  oil  in  all  seriousness 
in  the  affairs  of  man. 

Petroleum  or  mineral  oil  is  a  fluid  that  is  procurable  direct 
from  the  earth  as  such, or  is  locked  up  by  some  form  of  cohesion 
in  mineral  substances  such  as  shales,  which  are  solids  and 
necessitate  the  application  of  heat  to  pull  the  oil  out  of  the 
influence  of  its  carrier.  For  the  present  purpose,  the  oil  in 
shales  is  not  of  interest  because  it  necessitates   the  expenditure 
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of  greater  labour  per  unit  of  recovery  to  procure  it.  Oil 
shales  will  be  worked  on  a  large  scale  only  when  the  sources 
of  fluid  supply  are  definitely  insufficient  lor  the  potential 
demand,  and  it  will  then  be,  because  of  certain  variability  of 
properties,  possible  in  the  manufacture  of  oil  that  cannot 
be  duplicated  in  the  use  of  any  other  substance. 

By  the  use  of  sight  alone,  wooded  areas  are  capable  of 
precise  estimation,  but  when  we  consider  oil  and  coal  both  of 
which  are  mined,  the  science  of  Geology  must  be  brought  to 
bear  on  the  problem  of  quantity  and  extent.  Ownership  or 
rights  are  predicated  on  surface  areas,  and  in  the  case  of  coal 
this  is  sufficient  to  determine  with  reasonable  accuracy  the 
extent  of  ownership.  Oil  being  a  fluid,  is  a  wanderer,  and  the 
resources  of  present  day  geology  are  insufficient  to  adequately 
delimit  the  extent  of  any  deposit.  As  a  result  ownership  is 
not  assured  until  the  oil  reaches  the  surface  of  the  earth  from 
the  wells,  and  all  that  surface  rights  give  is  an  area  to  put  down 
holes.  The  history  of  every  oil  field  is  therefore  a  steady 
repetition  of  feverish  drilling  on  the  part  of  a  host  of  producers 
all  aiming  to  get  as  much  out  of  the  pool  before  the  others  can 
get  it.  This  results  in  the  monotonous  succession  of  periods 
of  overproduction  and  underproduction,  which  complicates  the 
problem  of  the  industry  at  large,  in  assuring  a  stability  of  sup- 
ply consistent  with  the  requirements  of  widespread  use. 

The  speculative  nature  of  oil  production  has  two  very 
distinct  results.  Not  only  is  the  capital  investment  below 
ground,  per  imit  extracted,  higher  than  it  needs  to  be,  but  there 
is  also  the  fact  that  while  there  is  needed  a  certain  amount  of 
crude  oil  storage  to  take  care  of  the  fluctuations  in  demand 
and  provide  for  the  time  that  must  elapse  between  production 
and  manufacture  the  flush  production  compels  a  larger  capital 
investment  for  this  purpose,  with  all  the  evaporation  loss  and 
fire  hazard  this  entails.  But  beside  these  factors,  the  flush 
producer  keeps  the  price  in  a  continual  state  of  unstable 
equilibrium,  and  works  in  the  direction  of  preventing  the  ex- 
ploitation of  all  the  possibilities  of  each  pool  and  for  this  reason, 
it  is  estimated  to-day  that  not  more  than  50  per  cent,  —  if  as 
much  —  of  the  oil  in  proven  fields  can  be  expected  to  reach 
the  surface. 
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It  is  a  fact  that  most  if  not  all  the  great  pools  discovered 
are  located,  relatively,  away  from  the  haunts  of  man,  and  it  is 
an  axiom  of  economies  that  other  things  being  equal  man- 
ufacture or  preparation  for  use  should  be  conducted  at  the 
centres  of  consumption.  Once  the  oil  has  reached  the  surface 
of  the  ground  the  problem  of  transportation  intervenes  and 
all  the  available  forms  are  called  on  to  assist  in  this. 

Railways  are  the  carriers  of  the  bulk  of  the  modern  world's 
commerce  but  they  are  machines  constructed  to  handle  the 
infinite  variety  of  commodities  offered,  either  liquid  or  solid, 
and  the  costs  of  this  operation  are  necessarily  influenced  by 
the  variety  of  equipment  they  are  called  on  to  supply.  They 
represent  such  enormous  capital  investments,  that  to  ensure  a 
reasonable  prospect  of  steady  paying  traffic  outside  of  competi- 
tive characteristics,  the  rates  must  be  predicated  on  society's 
necessities  which  have  resulted  in  commodity  classifications 
that  in  general  penalize  the  movement  of  certain  things  to 
widen  the  zone  of  movement  of  others,  varying  in  their  gra- 
dations of  necessity.  In  the  case  of  water  transportations, 
there  is  only  one  means  of  carrying  this  on,  but  the  variations 
in  the  carriers  are  induced  almost  solely  by  the  extent  of  the 
particularized  traffic  offering  and  its  reasonable  prospects  of 
continuity,  as  well  as  the  previously  mentioned  incentive  to 
economize  human  effort. 

However,  in  the  case  of  oil,  because  of  its  properties,  it 
is  possible  to  construct  a  machine  —  the  pipe  line;  for  trans- 
porting it  over  land  from  the  area  of  production  to  the  centres 
of  consumption,  except  where  comprehensive  bodies  of  water 
intervene,  and  this  possibility  is  almost  solely  applicable  to  oil 
among  the  things  used  by  men  and  influences  the  transportation 
rates  by  other  means. 

Since  a  pipe  line  is  a  special  machine  that  once  installed 
is  anchored  to  the  soil,  it  represents  a  relatively  large  capital 
expenditure,  as  compared  with  machines  that  can  perform  a 
variety  of  services,  and  to  gain  the  object  for  which  it  is  in- 
stalled it  must  be  assured  of  continuous  traffic  at  very  nearly 
maximum  capacity  for  its  expected  life  and  the  vagaries  of 
oil  production,  even  in  proven  fields,  are  so  notoriously  inconsist- 
ent that  the  decision  to  install  this  special  facility  is  a  moment- 
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ous  matter.  The  practical  result  of  these  factors  is  that  the 
profit  must  be  sufficiently  large  to  warrant  the  venture,  but 
society  at  large  is  the  gainer  even  with  proper  consideration 
of  the  pronounced  uncertainties,  and  we  see  the  bulk  of  the 
crude  petroleum  used  by  man  when  transported  over  land  — 
moved  through  pipe  lines. 


Manufacture. 

Crude  oil  consists  of  mixtures  of  definite  entities  of  com- 
binations of  hydrogen  and  carbon  nearly  always  associated  by 
chemical  bond  with  oxygen,  nitrogen  and  sulphur  in  com- 
paratively small  amounts.  These  hydrogen-carbon  compounds 
fall  within  several  homologous  chemical  series  of  greater  or 
lesser  complexity,  and  varying  degrees  of  stability,  and  while 
the  present  day  resources  of  the  laboratory  are  not  sufficient 
to  determine  the  original  entities  of  which  any  given  petroleum 
is  composed,  general  experimental  procedure  determines  that 
crude  oils  will  fall  into  one  of  three  recognized  classes;  paraffine 
base,  asphalt  base,  and  parafrine-asphalt  base.  As  it  issues 
above  ground  it  contains  small  quantities  of  water  and  earthy 
matter  mechanically  mixed,  which  in  the  ordinary  course  of 
events  would  settle  out  if  the  crude  oil  is  allowed  to  stand 
long  enough,  but  which  is  ultimately  removed  in  the  dis- 
tillation processes  to  which  it  is  subjected  at  the  refineries. 

Oil  can  be  separated  into  a  variety  of  products,  useful  to 
man  and  these  fall  in  the  order  of  their  importance  under  one 
of  the  following  heads  namely,  power,  light,  lubrication,  heat, 
and  pitches  and  this  arrangement  very  nearly  gives  the  order 
of  the  gravities  from  the  lightest  to  the  heaviest  as  well  as  a 
rough  idea  of  their  relative  importance  to  mankind. 

The  market  requirements  for  petroleum  commodities  are 
not  static  either  as  regards  the  proportions  of  the  individual 
products  or  the  demand  taken  as  a  whole,  and  considering  the 
great  variety  of  crudes  available,  the  problem  of  the  refiner 
is  to  get  as  much  of  those  products  for  which  the  demand  is 
insistent  as  the  crudes  at  his  command  can  yield.  It  is  a  fact 
that  from  any  given  crude  there  is  a  flexibility  in  natural  yields, 
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within  a  narrow  range, with  the  moderate  losses  that  are  a  feat- 
ure of  all  refinery  operations,  but  the  demand  for  certain 
commodities  persistently  exceeds  the  natural  yield  from  all 
crudes,  and  what  is  technically  known  as  cracking  is  practised 
to  preserve  the  balance.  Cracking  is  a  precise  heat  process 
that  causes  a  molecular  redistribution  of  hydrogen  and  carbon 
in  the  structure  of  the  entities  composing  petroleum,  and  as 
soon  as  it  is  adopted,  the  operation  of  the  Law  of  Diminishing 
Returns  intensifies  by  expanding  the  losses  and  costs. 

By  this  means  some  additional  flexibility  of  manufacture 
is  obtained,  but  it  is  worth  while  noting  that  the  process  is 
possible  in  one  direction  only,  from  a  heavier  to  a  lighter  gra- 
vity. In  the  process  there  is  a  deposition  of  free  carbon  and 
a  residue  that  is  always  heavier  than  the  stock  started  with  and 
if  carried  to  finality  the  deposition  of  this  heavier  residue,  as 
free  carbon,  would  result.  The  refiner  attempts  to  carry  the 
process  down  merely  to  the  point  where  there  is  sufficient 
hydrogen  left  in  the  residue  to  keep  this  in  a  fluid  condition, 
which  is  about  9%  beaume  gravity,  because  its  practical  value 
to  man  is  much  greater  in  liquid  condition  than  if  it  is  carried 
down  to  a  solid. 

It  will,  therefore,  be  seen  that  no  matter  what  expedients 
the  refiner  adopts  he  cannot  hope  to  convert  all  the  crude  oil 
to  products  he  desires  for  the  9  H  beaume  gravity  residue  is 
his  limiting  factor,  and  the  proportion  of  this,  available  from 
any  crude  is  ultimately  related  directly  to  the  initial  gravity. 
All  crude  oils,  therefore,  yield  some  fuel-oil  no  matter  what  the 
variety  of  the  demand  for  petroleum  products  is,  and  as  long 
as  there  is  petroleum  there  will  be  fuel-oil,  providing  no  process 
of  hydrogenation  intervenes  to  inject  another  fundamental 
into  the  art  of  manufacture. 

The  primary  requirement  in  a  fuel-oil  is  that  it  shall  pos- 
sess a  flash  point  in  excess  of  the  ordinary  atmospheric  temper- 
atures prevailing,  as  a  matter  for  safe  storage,  and  that  it  shall 
be  of  such  constitution  that  to  raise  it  to  the  temperature  for 
atomization  no  appreciable  vapor  is  given  off,  and  this  latter  is 
a  matter  of  relation  between  initial  boiling  point  and  viscosity. 

Now,  any  crude  oil  can  be  used  as  fuel-oil  by  skimming 
the  light  fractions  from  it  so  the  residue  will  meet  the  two 
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requirements  laid  down  above,  but  the  price  and  gravity  of 
the  product  comes  down  fundamentally  to  the  interplay  of 
the  other  products  which  can  be  made,  and  the  average  gravity 
of  the  crude  oils  being  delivered  above  ground  from  mother 
earth,  the  former  being  by  far  the  more  important. 

In  between  the  two  limits  enumerated  there  is  wide 
scope,  and  fuel  oils  offered  in  the  market  are  composed  either 
of  straight  residual  products,  or  mixtures  of  residues  from  the 
various  processes  through  which  the  oil  is  put.  In  general, 
it  is  found  that  if  the  characteristics  of  temperature  and  vis- 
cosity are  plotted  on  logarithmic  paper,  the  line  for  a  definite 
residual  product  will  be  straight,  while  for  mixtures  of  residual 
products  it  may  not  be,  because  the  osmotic  relations  are  more 
discontinuous,  but  residual  fluxes  are  just  as  good  for  fuel -oil 
purposes  as  they  behave  exactly  the  same  when  put  to  prac- 
tical use. 

During  the  past  five  years  there  has  been  a  steady  decline 
in  the  Beaume  gravity  of  fuel-oils  offered  for  consumption, 
because  of  the  various  factors  outlined  above,  and  as  the  diffu- 
sion of  the  knowledge  of  how  to  handle  the  heavier  gravities 
widens,  we  will  probably  see  the  standard  specifications  modi- 
fied still  further  to  heavier  grades,  even  down  to  what  appears 
to  be  the  lowest  practical  limit  to  be  in  fluid  form,  namely 
9  Yi  gravity. 

Large  Scale  Use  of  Fuel  Oil. 

By  far  the  largest  part  of  fuel -oil  is  used  for  steam  raising, 
although  considerable  is  used  for  metallurgical  and  other 
comprehensive  industrial  purposes,  where  high  temperatures, 
as  well  as  heat,  are  required  for  affecting  transformations 
in  the  physical  properties  of  substances.  Notwithstanding 
the  incursion  of  other  forms  of  prime  movers  in  the  industrial 
affairs  of  man,  the  steam  engine  in  all  its  infinite  variations  is 
the  standby  of  the  industrial  fabric  of  to-day,  and  will  pro- 
bably remain  so  for  many  years  to  come.  Fuel-oils  used  for 
steam  raising  can  contain,  without  undue  detriment  to  fur- 
naces and  boilers,  some  sulphur,  but  for  other  purposes,  where 
the  products  of  combustion  come  in  contact  with  the  product 
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being  treated,  the  sulphur  content  of  the  oil  may  be  of  prime 
importance,  and  if  it  is  present,  the  losses  in  doing  so  make  its 
removal  impractical. 

In  burning  fuel-oil  it  is  necessary  that  it  be  introduced  in 
a  finely  divided  state.  Under  ideal  conditions,  for  maximum 
economy  the  oil  would  be  injected  into  the  furnaces  or  combust- 
ion space  in  the  form  of  vapor  thoroughly  diffused  through  the 
proper  quantity  of  air  for  complete  combustion,  but  in  this 
event  the  reaction  would  be  explosive,  and  it  is  imperative  to 
sacrifice  to  some  extent  the  ideal  so  as  to  compel  the  reactions 
to  take  place  at  a  rate  no  faster  than  can  be  safely  handled. 

Burning  the  oil  in  vapor  form  may  be  considered  the  100 
per  cent,  efficiency  mark  from  a  thermal  point-of-view  and 
atomization  is  merely  approximating  the  fine  state  of  sub- 
division represented  in  vapor.  The  process  of  atomization 
consists  of  breaking  the  oil  into  small  globules  and  injecting 
them  into  the  furnace  with  the  requisite  air  for  combustion. 
As  the  oxygen  is  only  in  contact  with  the  surface  of  the  globules 
and  as  the  surface  varies  as  the  square  of  the  diameter,  while 
the  volume  varies  as  the  cube  of  the  diameter,  the  problem 
resolves  itself  to  one  of  assuring  as  fine  a  spray  of  oil  as  possible, 
diffused  through  the  air  supply  which  is  always  in  excess  of 
the  theoretic  requirements  to  assure  complete  combustion. 

Assuming  average  atmospheric  conditions  as  datum,  there 
is  a  rough  relation  between  gravity,  viscosity,  and  boiling 
points  of  oils,  but  the  range  of  variability  is  so  wide  that  this 
relation  cannot  be  mathematically  interpreted.  Fundament- 
ally, this  is  due  to  the  lack  of  knowledge  of  osmotic  relations 
which  are  indirectly  and  imperfectly  mirrored  by  viscosity. 

Atomizing  is  accomplished  by  a  sudden  increase  in  the 
velocity  of  the  oil  at  the  burner  tip  and  the  ideal  agency  is  the 
air  required  for  combustion.  For  oils  of  low  viscosity,  under 
general  atmospheric  conditions  this  is  possible,  but  low  viscosity 
is  a  characteristic  of  oils  that  are  more  valuable  when  put  to 
other  uses.  However,  by  heating  heavier  oils  their  viscosity 
can  be  lowered  and  steam  atomization  is  therefore  the  most 
common  means  applied  to-day,  because  there  is  no  industry 
that  does  not  require  steam  continuously  for  some  purpose. 
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and  the  steam  temperatures  for  the  ordinary  range  of  pressures 
used  in  industry  are  ample  to  handle  the  viscosity  of  any  fuel- 
oil. 

It  is  customary  to  compare  fuel-oil  with  coal,  because  the 
latter  has  for  many  years  been  the  standard  fuel  used  in  a  com- 
prehensive way.  Coal  can  be  burned  by  hand  firing  and  when 
so  used  the  efficiencies  possible  are  very  low.  To  improve 
these  efficiencies  and  incidentally  reduce  the  labor  for  handling 
from  the  storage  to  disposition  of  the  ashes,  large  capital  ex- 
penditures are  required  which  virtually  compel  assurance  of 
continuous  operations  to  effect  the  economies  of  effort  and  use 
expected.  On  the  other  hand  some  plant  equipment  is  always 
required  to  handle  fuel-oil,  because  it  is  a  fluid,  but  the  expen- 
diture is  relatively  nominal  and  it  is  generally  found  that  the 
labour  for  handling  fuel-oil  will  be  just  one- third  of  that 
required  to  handle  coal  by  hand-firing,  while  to  make  the  two 
equal  from  a  labour  stand-point,  the  investment  for  coal 
handling  will  generally  be,  in  round  numbers,  in  excess  of  five 
times  that  for  the  fuel  oil  power  equivalent. 

Fuel-oil  can  be  burned  with  high  efficiency  under  wide  ran- 
ges of  load,  and  furthermore,  the  overload  capabilities  are  much 
wider  averaging  perhaps  as  high  as  25  per  cent  more  than  is 
possible  with  coal.  However,  the  main  advantage  with  fuel- 
oil  is  that  using  the  best  methods  of  firing  coal,  the  efficiency 
cannot  be  brought  any  closer  than  within  five  per  cent  of  that 
attainable  with  fuel-oil.  This  advantage  is  present  notwith- 
standing that  the  flue  gases  in  the  latter  case  contain  larger 
percentages  of  steam  which  has  a  specific  heat  nearly  double 
that  of  carbon  dioxide. 

Distribution  to  Users. 

Once  oil  has  reached  the  refinery  and  has  been  manufac- 
tured, the  problem  of  distribution  for  consumption  intervenes. 
Consumption  is  scattered  and  the  means  for  distribution  in  a 
large  way  must  be  those  which  are  made  use  of  by  the  public 
at  large  in  transporting  the  economic  goods  that  they  use. 
The  railways  are  therefore  the  great  carriers  of  finished  petrol- 
eum products,  but  it  was  mentioned  before  that  the  transport- 
ation rates  are  predicated  on  society's  need,  and  we  see  petrol- 
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eum  products  classed  high  in  the  scale,  for  other  things  being 
equal  the  bulk  movement  of  these,  as  compared  with  the  move- 
ment of  coal,  costs  about  three  times  more;  in  other  words,  for 
the  same  weight  the  range  of  distance  for  equal  cost  is  about 
one-third  that  for  coal.  It  is,  therefore,  economically  sound 
as  opportunity  offers,  to  make  use  of  other  agencies,  and  bulk 
boat  movement  to  strategic  centres  is  made  use  of  wherever 
navigation  offers,  either  on  the  great  lakes  chain  or  coastwise 
on  the  seas,  and  the  boat  movement  of  finished  petroleum 
products  is  assuming  greater  importance  every  year. 

It  is  not  impossible,  although  no  examples  have  yet  occur- 
red, that  a  development  of  the  future  will  be  the  delivery  of 
the  low  viscosity  oils  from  the  refineries  to  the  larger  consuming 
centres  by  trunk  pipe  lines,  but  this  will  only  occur  when  the 
per  capita  consumption  is  much  larger  than  is  the  case  at  the 
present  time.  However,  tank  car  movement  of  fuel-oil  will 
always  be  necessary  except  where  boat  movement  can  be  used 
either  as  a  whole  or  in  part,  and  as  deliveries  can  be  integrated 
with  reasonable  regularity,  large  users  are  assured  of  a  re- 
liable supply  without  making  comprehensive  investments  for 
storage. 

Weight  for  weight,  fuel-oil  occupies  a  smaller  volume  than 
the  ordinary  commercial  sizes  of  coal,  but  the  equivalent  of  coal 
volume,  if  filled  with  oil,  is  capable  of  practically  double  the 
effect  in  application  as  compared  with  coal.  On  this  account, 
fuel-oil  possess  great  advantages  for  purposes  of  transportation 
and  this  is  especially  true  of  navigation,  because  it  permits  a 
wider  range  of  movement  before  replenishment. 

However,  in  addition  to  this  —  navigation  companies 
derive  their  revenues  when  their  equipment  is  under  load  and 
moving,  so  that  all  loading  time  of  which  fueling  is  a  part,  re- 
presents an  economic  loss.  Anything  that  reduces  this  demur- 
rage, especially  for  large  vessels,  is  clear  gain  and  a  boat  can 
be  fueled  with  fuel-oil  in  very  much  less  time  than  it  takes 
to  fuel  with  coal.  As  a  result  of  these  factors,  navigation 
companies  with  boats  operating  on  regular  sailing  schedules, 
are  changing  over  to  fuel-oil.  Railways  are  also  finding 
fuel-oil  of  advantage.  For  passenger  traffic  —  there  is  a 
lack  of  soot  and  cinders  which  is  very  comfortable  for  the 
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travelling  public,  while  in  freight  service  the  stand-by  losses, 
due  to  better  firing  control  are  reduced,  and  the  higher  speeds 
possible  with  a  fuel  that  responds  so  readily  to  load  changes 
affects  economies  in  operating  labour,  which  though  obscure, 
are  nevertheless  potent. 

Certain  key  industries  which  do  not  have  waste  products, 
that  can  be  used  for  fuel  purposes,  and  which  are  located  at 
points  where  transportation  of  fuel  supplies  plays  a  large  part 
in  fuel  costs,  have  in  the  past  few  years  been  giving  increasing 
attention  to  fuel-oil,  but  they  are  only  fore-runners  of  a  prac- 
tice that  is  bound  to  increase  as  a  wider  appreciation  of  the 
inherent  advantages  of  this  form  of  energy  become  more  widely 
known. 

Some  attention  has  been  given  to  the  use  of  this  fuel  for 
heating  offices,  public  buildings,  and  dwellings.  In  the  cases  of 
the  first  two  the  applications  have  been  attended  with  some 
success,  partly  because  distribution  within  municipal  areas  is 
cheaper  while  temperature  control  is  much  more  easily  facili- 
tated and  the  smoke  nuisance  eliminated.  The  application 
of  fuel-oil  for  heating  dwellings  is  attended  by  two  factors 
that  up  to  the  present  have  not  been  surmounted.  The  first 
of  these  is  —  as  was  previously  pointed  out  —  that  some  in- 
vestment is  necessary,  while  the  second  and  most  important 
one  is  that  all  the  devices  so  far  invented  do  not  permit  the  burn- 
ing of  fuel -oil  at  a  rate  slow  enough  for  any  but  the  palatial 
homes. 

Predicting  the  future  extensions  of  the  use  of  this  fuel  is 
very  hazardous:  because  of  its  inherent  advantages,  these  will 
doubtless  be  many,  not  only  by  displacing  the  use  of  coal 
wherever  the  economic  advantages  lie  in  the  present  industrial 
development,  but  perhaps  more  so  in  the  industrial  integration 
of  the  future.  With  the  widening  use  of  petroleum  products 
that  is  bound  to  come,  whereby  the  per  capita  consumption 
will  be  very  much  greater  than  it  is  at  the  present  time,  increas- 
ing quantities  of  fuel-oil  will  keep  pace  with  the  expanding 
volumes  of  the  other  products  and  will  readily  find  its  level  on 
the  basis  of  economic  determination  in  the  ever  mounting 
efficiency  of  man  in  his  industrial  activities. 


SPONTANEOUS    COMBUSTION    OF   COAL 

IN  MINES 

By  J.  A.  H.  Church 

(Western  Annual  Meeting,  Estevan,  Sask.  1923) 

The  preparation  of  this  paper  was  suggested  by  the  reading 
of  the  Final  Report  of  the  Departmental  Committee  on  Sponta- 
neous Combustion  of  Coal  in  Mines,  this  Committee  was  appoint- 
ed by  the  British  Home  Secretary  on  August  5th,  1912,  the 
final  report  was  not  issued  until  June  30th,  1921,  owing  to  the 
War  and  causes  arising  therefrom.  A  very  large  number  of 
persons  eminent  as  scientists,  mining  engineers,  colliery  mana- 
gers and  practical  miners  gave  evidence  before  the  Committee 
and  the  findings  and  recommendations  must  be  regarded  by  all 
as  the  most  up-to-date  authorative  statements  on  the  subject. 

To  attempt  to  discuss  the  report  in  detail  would  be  beyond 
the  scope  of  this  paper  and  quite  beyond  the  capability  of  the 
writer,  but  there  are  certain  aspects  of  the  question  which  recur 
most  arrestingly  and  from  which  we,  as  exploiters  of  what  is  practi- 
cally a  virgin  coal  field,  may  hope  to  learn  some  valuable  lessons. 

The  Report  is  divided  into  five  sections  dealing  with  the 
various  aspects  of  the  subject  as  follows: 

Section  1 — Historical  view  of  the  subject. 

Section  2 — The  probable  causes  from  scientific  point  of 
view  of  the  initiation  of  spontaneous  combus- 
tion of  coal  in  mines. 

Section  3 — The  practical  aspect  of  the  subject  as  applied 
to  coal  mines. 

Section  4 — Hydraulic  stowage. 

Section  5 — Conclusions  and  recommendations. 

It  is  proposed  to  consider  each  section  in  turn,  taking  there- 
from such  matter  as  may  appear  to  apply  to  coal  fields  generally 
through  the  world  and  to  endeavour  to  deduce  from  this  what 
source  of  danger  may  reasonably  be  expected  to  exist  in  the  coal 
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fields  of  we&tem  Canada  and  what  genera]  policy  of  extraction 
may  be  requisite  to  combat  this  possible  clanger. 

Section   I       Historical   Review: 

As  early  as  1686  Dr.  Plott,  Prolessor  of  Chemistry  in  the 
University  of  Oxford,  wrote  "A  mixture  of  the  laming  (that 
lies  between  the  measures  of  coal)  and  the  slack  (more  especially 
when  very  much  mixt  with  brass  lumps)  which  lying  together 
in  the  old  canker'd  waters  of  the  pits,  heat  to  that  degree,  that 
they  fire  the  small  coal  left  there,  which  continues  burning  till 
it's  all  spent  and  then  goes  out  of  itself  as  soon  as  it  comes  to 
the  rock  of  the  coal,  which  if  it  has  no  rifts  or  clefts  in  it,  admits 
it  not".  Here  we  find  a  close  observer  indentifying  as  a  danger, 
slack  coal,  water  and  by  inference  crushed  pillars  left  in  jux- 
taposition in  a  mine,  although  he  incriminates  as  one  of  the 
chief  culprits  iron  pyrites.  Dr.  John  Percy  in  his  book  on 
''Metallurgy"  published  in  1875  is  apparently  the  first  authority 
to  cast  a  doubt  on  the  "pyrites"  theory,  his  statement  is,  "Coal 
in  some  collieries  is  apt  to  ignite  spontaneously  when  it  is  allow- 
ed to  accumulate  in  a  state  of  dust  or  fine  slack;  either  in  the 
pit  or  out  of  it,  or  when  ribs  or  pillars  of  coal  are  subjected  to 
great  crushing  weight.  I  had  the  opportunity  of  personally 
inspecting  a  thick  coal  pit  immediately  before  the  outbreak  of 
fire.  I  came  to  the  conclusion  that  such  incipient  decomposi- 
tion (of  the  coal)  had  begun,  and  conceived  that  it  was  due  to 
the  heat  developed  by  the  oxidation  of  accumulated  finely  divided 
coal."  In  this  case  nearly  two  hundred  years  later  than  Dr. 
Plott,  when  one  may  reasonably  assume  workings  to  be  more 
extensive  and  extraction  more  intensive  (through  the  use  of 
explosives),  we  find  the  same  slack  coal  blamed  and  crushed 
pillars  especially  indicated  as  a  contributary  cause,  incidentally 
we  have  reached  the  era  of  mechanical  ventilation. 

In  1879  M.  Henri  Fayol,  a  French  mining  engineer  autho- 
rity, wrote  a  pamphlet  on  spontaneous  combustion  of  coal 
exposed  to  action  of  air;  in  it  he  states  with  reference  to  his 
investigations  on  heaps  of  coal,  that.  (1)  When  the  layer  of 
slack  is  thin,  there  is  no  increase  in  temperature.  (2)  The 
temperature  at  any  time  increases  with  the  height  of  the  heap, 
i.e.,  as  we  pass  along  the  heap  from  the  lowest  to  the  highest 
points  there  is  a  continual  rise  of  temperature  in  the  coal.  (3) 
At  a  height  of  3  to  4  M  (10-13  feet)  the  temperature  rises  steadily 
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at  first  and  finally  falls  without  ever  passing  140°  to  158° 
F.  (4)  At  or  about  a  height  of  4  metres  (13  feet)  the  tempera- 
ture continues  to  rise". 

Here  we  obtain  an  indication  that  any  seam  of  sufficient 
thickness  to  afford  harbourage  to  a  pile  of  slack  13  feet  high 
is  liable  to  spontaneous  combustion  from  that  cause  alone.  The 
following  extracts  from  the  findings  of  the  Oberschlesische  Gru- 
benbrand  Commission  on  spontaneous  combustion  issued  in 
1910,  emphasize  very  important  facts. 

(1).     Thickness  of  Seam: 

The  seams  in  Upper  Silesia  which  are  particularly  liable 
to  spontaneous  combustion  are,  almost  without  exception,  those 
of  the  Saddle  group  which  are  characterized  by  their  great 
thickness.  The  critical  thickness  is  about  4  metres  (13  feet). 
" Whenever  a  fire  breaks  out  in  seams  of  lesser  thickness,  this 
is  generally  attributed  to  special  causes." 

(2).  If  the  chemicals  contained  in  the  coal  play  an  important 
part  in  spontaneous  combustion,  no  definite  conclusion  can  at 
present  be  drawn  from  the  analysis  as  to  what  mixtures  of  chemi- 
cal combinations  specially  contribute  to  spontaneous  ignition 
or  combustion  of  coal. 

(3).  Oxidizing  Surface:  The  greater  the  surface  exposed 
to  the  air  per  cubic  measurement;  that  is  to  say,  the  smaller  the 
intervening  spaces,  the  greater  the  risks  of  spontaneous  combus- 
tion. For  this  reason  a  heap  of  large  hard  coal,  stacked  above 
ground,  the  surface  area  of  which  is  not  increased  to  any  extent 
by  breaking  up  the  coal,  will  hardly  ever  ignite,  while  a  heap  of 
small  coal  of  the  same  chemical  composition  and  occupying  the 
same  amount  of  room,  may  ignite  very  easily  when  the  surface 
area  exposed  to  the  air  is  comparatively  large,  and  the  air  current 
comparatively  smaller,  in  consequence  of  the  greater  or  smaller 
obstructions  of  the  air  channels. 

(4).  Effect  of  Ventilation:  The  danger  of  spontaneous  com- 
bustion is  inconsiderable  in  wide  level  galleries  through  which 
air  currents  pass  freely. 

(5).  Danger  from  Stoppage  of  Working:  If  it  is  not  impossible 
for  fires  in  mines  to  originate  by  spontaneous  combustion  in 
galleries  during  actual  work,  it  is  all  the  more  probable  that  coal 
will  ignite  in  galleries  which  remain  unworked  for  months  or 
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years.  There  is  peculiar  danger  of  fire  breaking  out  openly 
when  BUCh  galleries  an4  being  worked  after  a  long  period  if  the 
work  does  not  proceed  rapidly. 

(6).  Timbering:  It  is  advisable  that  timbering  of  every  des- 
cription should  be  taken  down  and  removed,  as  far  as  possible, 
after  it  has  served  its  purpose,  inasmuch  as  in  dry  workings 
mine  timber  in  particular  may  ignite  and  thus  contribute  to 
the  spreading  of  the  fire  with  increased  production  of  carbon 
monoxide. 

(7).     Gobbing.     The  Commissioners  consider  that  "Gobbing" 
or  stowing  of  waste  is  a  practical  means  of  preventing  fires. 
Section  2: 

The  amount  of  weighty  opinion  contained  in  this  section 
emanating  from  so  many  persons  distinguished  in  their  respec- 
tive branches  of  science,  is  so  great  that  it  would  appear  wise 
to  consider  only  the  conclusions  arrived  at  by  the  Committee, 
referring  those  especially  interested  in  this  aspect  of  the  case 
to  the  Report  itself  for  full  details  of  the  matter.  In  passing 
it  might  be  worth  while  to  indicate  to  those  gentlemen  engaged 
in  scientific  and  industrial  research  work  of  the  west,  that  there 
would  appear  to  be  several  important  and  highly  interesting 
features,  worthy  of  investigation,  outlined  in  the  general  con- 
clusions drawn  by  Dr.  Wheeler  and  Dr.  Stopes,  in  connection 
with  the  statement  that  the  juncture  of  Fusian  and  Vi train  ap- 
pears to  be  critical.  Again  in  the  evidence  of  Mr.  Lomax,  it 
would  appear  that  there  is  matter  for  investigation  in  the  action 
of  those  bodies  to  which  he  has  given  the  name  of  "globulites", 
upon  exposure  to  air;  the  considerable  amount  of  opinion  noted 
in  the  evidence  that  coals  with  high  moisture  content  are  more 
liable  to  spontaneous  combustion  than  those  of  lesser  amount. 

The  conclusions  with  which  we  have  to  deal  are: 
(1).     That  the  presence  of  moisture  in  coal  has  an  accelerating 
effect  on  its  oxidation  and  consequently  that  coals  high  in  hy- 
groscopic moisture  absorb  oxygen  more    readily   than   those 
of  low  moisture  content. 

(2).    Self-heating  of  coal  is  mainly  due  to  the  absorption  of 
oxygen  by  the  coal  resulting  in  the  generation  of  heat. 

(3.)  That  from  the  chemical  standpoint  alone,  the  higher  the  per- 
centage of  oxygen  contained  in  a  coal,  the  greater,  it  would 
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seem,  the  liability  to  spontaneous  combustion.  (R.  Wheeler, 
Director  of  the  Home  Office  Experimental  Station,  has  stated 
that  he  regarded  as  a  high  oxygen  content  10  to  15  per  cent.) 
(4).  That  the  texture  of  the  coal  is  a  matter  of  great  import- 
ance, seeing  that  the  more  permeable  is  a  coal,  other  things  being 
equal,  the  greater  are  the  effects  of  oxidation  inasmuch  as  a 
greater  surface  is  exposed  to  the  action  of  the  air  as  compared 
with  coal  of  closer  texture. 

(5).    That  as  the  temperature  rises  the  rate  of  absorption  of 
oxygen  increases. 

Section  3: 

The  report  deals  with  this  aspect  of  the  case,  considering 
the  seven  fields  in  which  spontaneous  combustion  is  prevalent 
under  the  following  headings : 

A.  Geological  conditions. 

B.  Mining  conditions. 

C.  Preventive  measures: 

1.  The    methods    in    operation    for    preventing 
gob  fires. 

2.  The  methods  in  operation  for  dealing  with  gob 
fires  when  they  occur. 

The  general  statement  on  each  of  these  sub-headings  is  as 
follows: 

It  has  for  long  been  realized  that  geological  conditions  play 
an  important  part  in  the  study  of  the  subject  under  review,  for 
example. 

A.  It  is  undoubtedly  a  fact  that  roof  conditions,  inclina- 
tion, thickness  of  seam,  depth  of  seams  from  the  surface,  pre- 
sence of  faults  and  other  geological  distrubances  have  an  influ- 
ence in  one  way  or  another  on  the  occurrences  of  spontaneous 
combustion  of  coal  below  ground. 

B.  Methods  of  working  are  of  vital  importance.  Some 
of  the  points  which  must  be  considered  as  the  result  of  the  meth- 
ods of  working  are  coal  left  in  wastes;  crushing  of  pillars; 
leaking  of  air  across  gateways  through  packs  or  wastes;  and 
timber  left  in  waste. 

In  this,  perhaps  to  us,  the  most  important  section  of  the 
report,  it  must  be  noted  that  the  question  of  thickness  of  seam 
is  stressed  as  is  the  depth  from  the  surface  and  the  presence  of 


274  Spontaneous  Combustion  of  Coal  in  Minks  -Church 

faults.  In  paragraph  B.  we  again  encounter  the  question  of 
coal  left  in  the  waste,  crushing  of  pillars,  leakage  of  air  and  tim- 
ber left  in  waste,  each  of  these  points  has  been  encountered  in 
the  historical  review.  Perusal  of  the  matter  contained  in  this 
section  of  the  report  will  assure  us  of  the  possibility  of  obtaining 
many  interesting  papers  of  great  practical  value,  on  methods  of 
extracting  of  inclined  seams  similar  to  those  in  vogue  in  the  coal 
mines  of  the  Kootanie  series.  I  refer  to  the  practice  adopted 
in  working  highly  inclined  seams  in  the  North  Staffordshire 
district  by  the  "Rearer"  method  where  the  system  of  drowning 
the  gob  with  accumulation  of  fire  damp  is  considered  to  be  one 
of  the  surest  methods  of  preventing  spontaneous  combustion. 

The  general  concensus  of  opinion  appeared,  to  the  writer 
at  least,  to  be  that  in  cases  where  it  is  impracticable  to  remove 
to  the  surface  all  portions  of  a  seam  liable  to  spontaneous 
combustion,  the  next  best  step  is  the  absolute  exclusion  of  air 
from  the  waste;  there  is  a  certain  amount  of  opinion  which 
favors  the  prevention  of  heating  by  a  free  circulation  of  a  large 
volume  of  air;  this  would  appear  somewhat  difficult  to  ensure. 

The  conclusion  arrived  at  by  the  Committee  with  regard 
to  the  evidence  given  in  connection  with  this  aspect  are  sum- 
marized in  section  5. 

Section  4  —  Hydraulic  stowing: 

The  crux  of  the  question  is  cost  and  at  present,  in  the  opi- 
nion of  the  writer  at  least,  there  can  be  no  question  as  to  the 
prohibitive  nature  of  the  disability  —  it  is  an  absolute  preven- 
tion of  spontaneous  combustion. 
Section  5. 

Following  are  the  findings  of  the  Committee  with  regard 
to  the  practical  aspect  of  the  subject. 

1.    Liability  of  Coal  to  Spontaneous  Combustion: 

Probably  all  bituminous  coal  is  liable  to  spontaneous  com- 
bustion in  some  degree,  but  the  fact  that  there  is  greater  liability 
to  self -heating  of  the  coal  in  the  seams  of  some  coal  fields  of 
the  United  Kingdom  than  in  others  is  due  to  several  causes 
other  than  the  chemical  composition  of  the  coal  thus. 

A.  Thickness  of  Seams: —  Speaking  generally  the  thicker 
the  seam  the  greater  the  liability  to  spontaneous  combustion. 
With  rare  exceptions,  the  heating  process  in  seams  of  coal  less 
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than  four  feet  in  thickness  is  not  carried  to  such  an  extent  as 
to  induce  combustion. 

B.  Crushing  of  Pillars: —  Coal  which  has  been  crushed  in 
the  mine  by  reason  of  superincumbent  weight  is  more  likely 
to  induce  self-heat  than  coal  in  solid  compact  state. 

For  this  reason  it  is  in  the  highest  degree  desirable  that 
(in  seams  liable  to  spontaneous  combustion)  pillars  should 
be  adequately  designed  to  resist  all  pressures,  and  that  during 
the  process  of  their  removal  (which  should  not  be  delayed) 
work  should  be  as  consistent  and  rapid  as  possible.  For  the 
same  reason  inferior  coal,  normally  left,  e.g.,  in  the  vicinity  of 
faults,  should  be  extracted  and  sent  out  of  the  pit. 

2.  Faults: 

Faults  indirectly  contribute  to  the  self-heating  of  seams 
of  coal  which  without  these  extraneous  agencies  might  not  take 
fire. 

This  is  due  not  only  to  the  presence  of  inferior  and  soft  coal 
adjacent  to  the  faults,  but  also  to  the  interference  of  the  line 
of  face,  and  to  their  constituting  lines  of  weakness  contributing 
to  falls  of  roof  and  admission  of  air. 

3.  Conditions  of  Roof: 

The  character  of  the  roof  of  a  coal  seam  plays  an  important 
part  in  the  liability  of  coal  to  spontaneous  combustion.  A 
broken  or  unstable  roof  permits  the  percolation  of  air  and  the 
leaving  of  top  coal  for  its  maintenance  introduces  a  factor 
conducive  to  fire  in  the  goaf  when  such  coal  breaks  down  too 
far  back  for  complete  recovery. 

4.  Other  Conditions'. 

The  following  are  also  conducive  to  spontaneous 
combustion: 

(a)  The  uneven  and  incomplete  settlement  of  the  goaf,  gob,  or 
waste. 

Where  this  occurs  the  goaf  has  large  spaces  to  which  suffi- 
cient air  may  have  access  to  promote  the  oxidation  of  any  car- 
bonaceous material  present,  but  in  which  there  is  no  constant 
through  current  to  provide  a  counteracting  cooling  effect. 

(b)  The  Leaving  of  timber  in  the  goaf. 

Timber  left  standing  in  the  waste  workings  of  a  mine  is 
not  a  primary  cause  of  spontaneous  combustion.     It  is  so  indi- 
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rectly,  inasmuch  as  it  hinders  the  even  settlement  of  the  roof, 
and  allows  of  the  formation  of  cavities  or  air  spaces.  It  may 
be  also,  that  the  presence  of  limber,  which  is  more  easily  ignited 
than  coal,  fire  breaks  out  at  an  earlier  stage  of  heating  than  it 
otherwise  would.  In  mines  liable  to  spontaneous  combustion, 
therefore,  the  extraction  of  timbers  should  be  carried  out  as  far 
as  is  compatible  with  safety. 

(c)     The  presence  of  coal  and  timber  in  the  packs. 

We  are  aware  that  there  are  cases  where  coal  has  been  large- 
ly used  in  the  construction  of  packs  without  the  liability  of 
spontaneous  combustion  being  incurred  therein,  but  this  has 
been  because  of  the  peculiar  character  of  the  coal  so  employed. 
In  fact,  witnesses  almost  unanimously  condemned  the  practice, 
and  undoubtedly,  it  has  in  the  past  been  too  frequently  a  cause 
of  fire.  No  timber  should  be  either  built  in  or  used  as  a  roof 
support  in  the  construction  of  packs,  except  in  the  case  of  cogs 
or  checks  placed  on  the  road-side  of  packs  when  those  cannot 
be  dispensed  with  e.g.,  in  highly  inclined  roadways. 

(5).     Systems  of  working: 

With  regard  to  this  aspect  of  the  case  it  is  impossible  to 
lay  down  any  hard  and  fast  rule  for  universal  application  and 
the  method  adopted  must  be  conditional  to  the  circumstances. 
Broadly  speaking  we  are  satisfied  that  the  methods  of  working 
in  operation  in  several  districts  with  which  we  have  dealt,  are 
those  which  are  the  most  practical,  and  which  in  the  circum- 
stances, are  best  calculated  to  get  the  coal  with  the  least  risk 
of  danger  from  fire,  affording  at  the  same  time  the  greatest 
facilities  for  dealing  with  outbreaks.  In  some  cases,  however, 
the  manner  in  which  these  systems  are  carried  out  in  detail  is 
not,  in  our  opinion,  as  perfect  as  it  might  be,  and  we  have 
pointed  out  some  of  the  deficiencies  in  the  body  of  this  report. 

In  all  mines  liable  to  spontaneous  combustion  the  following 
precautions  in  respect  of  methods  of  working  are  desirable: 

A.     Longwall  method: 

Wherever  the  natural  conditions,  e.g.,  thickness  and  incli- 
nation of  the  seam  and  character  of  the  roof,  allow  of  its  applica- 
tion, the  longwall  system  of  working  should  be  practised.  The 
face  should  be  kept  as  straight  as  possible  and  advanced  consis- 
tently and  rapidly. 
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B.  Retreating  method  of  longwall: 

In  those  seams  which  give  off  fire  damp  freely  and  which 
by  reason  of  their  thickness  are  suitable  for  its  application,  the 
retreating  method  of  longwall  should  be  adopted. 

C.  Packs: 

Packs  should  be  made  as  wide  as  practicable  in  relation  to 
the  distance  between  "gates".  The  thicker  the  seam  the  wider 
should  be  the  packs,  which  should  be  solidly  built  and  well 
faced. 

D.  Gate  roads: 

The  distance  between  the  gates  should  be  much  as,  whilst 
permitting  of  the  quick,  regular  and  complete  settlement 
of  the  goaf,  to  reduce  the  number  of  gate  roads  to  the  minium, 
so  decreasing  the  possibility  of  leakage  of  air.  Where  practi- 
cable the  packs  should  be  buried  as  soon  as  possible. 

E.  Panel  systems: 

Where  experience  has  shown  that  the  systems  of  working 
whether  modified  longwall  or  pillar  and  stall,  should  be  by  pa- 
nels, the  immediate  entrance  to  each  panel  should  be  limited 
to  two  roads  provided  with  arrangements  for  rapid  and  effec- 
tive sealing  off  in  case  of  an  outbreak  of  fire. 

F.  General  precautions: 

All  roads  no  longer  required  for  haulage,  travelling  or  venti- 
lation should  be  closed  with  good  air-tight  packs,  so  that  there 
will  be  less  liability  to  spontaneous  combustion  taking  place 
therein.  Such  roads  as  may  be  required  to  be  kept  open  should 
be  travelled  and  examined  daily. 

As  a  high  pressure  of  ventilation  current  conduces  to  leakage, 
it  should  not  exceed  what  is  necessary  to  ventilate  the  mine 
properly,  and  the  space  between  the  face  and  the  gob  should 
be  sufficiently  large  to  prevent  the  forcing  of  air  through  pack 
walls.  Generally,  the  airways  should  be  of  larger  area,  and 
there  should  be  a  large  number  of  splits. 

The  ideal  in  ventilation  is  a  large  quantity  of  air  at  a  low 
gauge;  leakage  of  air  into  undesirable  places  will  thus  be  reduced 
to  a  minimum.  No  coal  posts  or  pillars  should  be  left,  if  possi- 
ble.   No  slack  or  coal  should  be  left  in  the  goaf. 

Where  heatings  or  fires  are  of  frequent  occurrence,  an  ade- 
quate supply  of  water  (under  pressure)  should  be  provided  for 
immediate  use  where  advisable. 
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From  the  foregoing  very  general  review  of  the  Report  it 
is  found  that  the  following  characteristics  render  coal  seams 
liable  to  outbreaks  of  fire  due  to  spontaneous  combustion: 

1.  Physical    characteristics: 

a.  Thickness  of  seams. 

Liability  increases  with  the  thickness  of  seams  over  four 
feet. 

The  German  Report  definitely  fixes  the  critical  thickness 
at  13  feet. 

b.  Structure  of  coal. 

Coals  of  open  texture  are  more  liable  to  combustion  than 
those  of  closer  texture. 

c.  Faults. 

The  vicinity  of  faults  are  a  source  of  danger. 

d.  Roof. 

Bad  roofs  are  an  important  factor. 

2.  Composition  of  coal. 

a.  Moisture. 

The  higher  the  moisture  content  the  greater  the  liability 
to  combustion. 

b.  Oxygen  content. 

From  a  chemical  point  of  view  alone,  the  liability  to  com- 
bustion increases  with  the  percentage  of  oxygen. 

Application  to  western  Canada 

This  paper  was  originally  written  dealing  exclusively  with 
the  province  of  Alberta  and  the  time  available  for  its  alteration 
to  suit  the  three  western  provinces  in  the  Dominion  has  not 
been  sufficient  to  admit  of  an  exhaustive  examination  of  the 
of  the  conditions  obtaining  in  the  provinces  of  Saskatchewan 
British  Columbia.  Forbearance  from  the  members,  with  the 
shortcomings  in  respect  to  the  two  provinces,  is  requested, 
as  they  can  only  be  dealt  with  in  a  cursory  manner. 

Application  to  the  province  of  Saskatchewan 

The  only  coal  mined  in  this  province  is  a  comparatively 
low-grade  lignite  which  must  be  considered  liable  to  sponta- 
neous combustion  when  the  thickness  of  the  seam  approaches 
13  feet,  which  occurrence  is  to  be  noted  in  the  Bienfait  district 
where  the  greatest  thickness  measured  has  been  approximately 
15  feet.    This  thickness  is  in  excess  of  the  critical  thickness 
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noted  in  the  German  report  on  spontaneous  combustion. 
Furthermore,  the  moisture  content  (33%)  is  such  that  this  coal 
should  be  considered  very  liable  to  such  outbreaks. 

Application  to  the  province  of  British  Columbia 

Fires  attributed  to  spontaneous  combustion  have  been 
only  too  evident  in  certain  districts  in  the  province  of  British 
Columbia.  Those  districts  in  which,  to  the  writer's  knowledge, 
such  fires  have  occurred  have  been  one  in  the  Nanaimo  district, 
where  the  occurrences  have  been  mostly  in  the  Douglas  seam 
and  the  old  Wellington  seam.  These  seams  apparently  occur 
under  disturbed  conditions,  the  Douglas  seam,  particularly 
at  the  Reserve  mine,  for  instance,  varying  from  1  to  20  feet  in 
thickness.  The  Nicola-Princeton  district  was  reported  by  the 
Mmes  Inspector,  Mr.  John  G.  Biggs,  in  his  report  for  the  year 
1921,  as  follows  :— 

"Coal  seams  in  this  district  are  very  susceptible  to  sponta- 
neous combustion." 

The  seams  in  the  Nicola-Princeton  district  are  generally 
of  a  size  in  excess  of  13  feet  and  are  of  a  lignitic  nature. 

Fires  generally  attributed  to  spontaneous  combustion 
have  been  known  to  occur  in  the  mines  of  the  Crow's  Nest 
Pass  Coal  Company,  but  the  writer  is  not  in  a  position  to  give 
the  definite  details  and  dates  of  their  occurrence. 

From  this  very  brief  and  sketchy  review  of  the  situation 
in  this  province  it  will  be  seen  that  the  question  of  the  causes 
leading  to  spontaneous  combustion  in  coal  mines  is  one  which 
deserves  careful  inquiry  and  consideration,  particularly  in  Van- 
couver Island,  where  the  ventilating  pressures  are  considerably 
higher  than  is  customary  in  the  province  of  Alberta.  There 
are  several  mines  in  the  Nanaimo  district  where  the  ventilating 
pressure  is  4  inch,  of  water  gauge,  and  even  as  high  as  5 finches. 
It  will  be  readily  seen  that  where  there  is  any  tendency  towards 
spontaneous  ignition  that  such  high  water  ganges  will  tend 
only  to  aggravate  the  conditions. 

Application  to  the  province  of  Alberta 

Ignoring  for  the  present  the  influence  of  methods  of  work- 
ing, one  may  deduce  that  the  following  formations  and  districts 
may  be  regarded  as  suspect; 
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Formation 

Edmonton, 


District 

West  of  line  Wabamun 
to  Alix,  Alberta  Coal 

Branch,  Lundbreck. 


Predisposing  Cause 

(1)  Thick  Seams. 

(2)  Open  texture  of  coal. 

(3)  Bad  roofs. 

(4)  High  moisture  content 
(17-20  per  cent). 

(5)  High    oxygen    content 

(19-33  per  cent). 


Kootanie, 


Everywhere  west  of 
foothills  of  the  Rocky 
Mountains. 


(1)  Thick  Seams. 

(2)  Open  texture  of  co  al. 

(3)  Bad  roofs.  Paradoxical  as 

it  may  seem,  a  roof  may 

be  so  good   as  to  be 

really     bad    when     it 

comes  to  forcing  a  break. 

Up  to  the  present  time,  fires  have  been  reported  at  eleven 

mines  in  the  province.    The  following  table  gives  the  particulars 

attributing  as  the  cause  of  the  outbreak  what  in  the  writer's 


opinion  was  such. 


Mine 


Frank, 


District 


Frank, 


Probable  Cause 


Cardiff,  Cardiff,  Edmonton,     12  ft.   1913, 


Bush, 


Yellowhead,  ""Coalspur, 

Cadomin,       Cadomin, 
*  Three  lives  lost. 


Thickness 

Formation         of       Date 
Seam 

Kootanie,     12-14  ft.  1909,  Spontaneous  near  fault. 

Heating  first  discovered 
1909. 

Transmitted  from  sur- 
face. 

Transmitted  from  sur- 
face. 

Spontaneous. 
Transmitted  from  sur- 
face. 

Transmitted  from  sur- 
face.    Doubtful. 

Edmonton,     26  ft.   1918,    Spontaneous. 

Kootanie,       30  ft.   1920,    Spontaneous. 

Edmonton,       8  ft.   1922,    Transmitted  from  out- 
crop. 

Shot     igniting     small 
feeder  of  gas. 

Edmonton,     Edmonton,       5  ft.    1922,    Turning  exhaust  steam 

into  old  waste  for  a 
period  and  then  piping 
it  to  the  surface,  leav- 
ing the  waste  in  heated 
condition. 
Spontaneous. 


Edmonton,     60  ft.    1914, 

numerous  partings. 

Edmonton,     12  ft.   1916, 
Edmonton,     12  ft.   1917, 

Edmonton,       8  ft.   1917, 


Yellowhead,   Coalspur, 

Lovett,  Lovett, 

Alberta,  Cardiff, 

Breckenbridge 
Lundbreck,    Lundbreck, 

Lakeside,        Wabamun, 
Cadomin,       Cadomin, 
Humberstone,  Edmonton, 


Scranton,        Drumheller,    Edmonton,       7  ft.   1922, 


Edmonton,     60  ft.   1922, 

numerous  partings. 

Kootanie,       30  ft.   1923, 


Spontaneous. 
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In  passing  one  might  do  well  to  note  that  over  a  fourteen- 
year  period  in  which  underground  fires  have  been  reported 
twenty-five  per  cent  occurred  the  first  half  and  seventy-five 
per  cent  during  the  second.  The  same  proportion,  or  possibly 
a  worse  one,  holds  for  those  attributed  to  spontaneous  com- 
bustion. 

It  will  be  observed  that  fires  have  occurred  only  in  mines 
working  in  the  Edmonton  and  Kootanie  series  and  that  of  twelve 
cases  only  one  is  reported  in  a  seam  less  than  seven  feet  in  thick- 
ness, in  each  case  attributed  to  a  spontaneous  outbreak  the  seam 
was  either  indentical  with  or  larger  than  the  critical  thickness 
(13  feet)  specified  in  the  German  report. 

Here  then  is  a  situation  which  tends  to  confirm  the  opinion 
that  the  findings  of  the  British  Committee  have  a  real  meaning 
for  us  as  far  as  these  findings  deal  with  the  characteristics  and 
composition  of  coal  seams  —  consideration  of  the  matter,  from 
the  aspect  of  influence  of  methods  of  working,  may  serve  to 
emphasize  the  value  of  the  report. 

Causes  resulting  from  methods  of  working  indicated  in  the 
report  as  being  contributary  to  out-breaks  of  spontaneous 
combustion  in  coal  mines  are. 

(1)  Crushing  of  pillars. 

(2)  Uneven  and  incomplete  settlement  of  waste. 

(3)  Leaving  of  timber  in  the  waste. 

(4)  Leakage  of  air  through  places  where  such  is  un- 
desirable. 

(5)  High  pressure  ventilation. 

(6)  Airways  of  constricted  area. 

Referring  to  the  tabulated  list  of  fires,  can  any  person  con- 
versant with  the  general  systems  in  vogue  at  the  particular 
collieries  do  otherwise  than  admit  that  every  one,  with  the 
solitary  exception  of  high  pressure  ventilation,  of  the  above  prin- 
ciples of  bad  mining  have  been  universally  followed.  It  might 
be  well  at  this  point  to  call  the  attention  of  all  to  the  question  of 
ventilation.  In  fields  with  the  physical  characteristics  of  those 
in  which  the  Kootanie  measures  are  being  wrought  it  is  manifest 
that  provisions  for  adequate  ventilation  in  the  workings,  after 
the  exhaustion  of  the  outcrop  areas,  must  be  considered  at  the 
very  inception  of  the  colliery  if  enormous,  possibly  prohibitive, 
expense  is  not  to  be  incurred  in  rectifying  any  omission  in  this 
respect. 
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It  is  a  fact  that  indifferent  planning  of  workings  does  not 
affect  to  the  same  extent  mines  operating  flat  seams  in  the 
Edmonton  series  because  an  air  shaft  can  always  be  sunk  at  a 
cost  which  need  not  be  prohibitive. 

The  statement  of  this  aspect  of  the  case  has  dealt  so  far 
only  with  difficulties  which  may  arise  in  getting  as  much  air 
to  the  faces  as  may  permit  of  an  adequate  output,  even  with 
the  adoption  of  a  high  water  gauge. 

It  has  been  seen  that  a  high  water  gauge  is  a  contributary 
cause  of  outbreak  in  seams  liable  to  spontaneous  combustion, 
and  three  fires,  all  attributed  to  spontaneous  combustion,  have 
already  occurred  in  the  Kootanie  measures,each  over  an  airway 
of  restricted  area  with  a  water  gauge  of  two  inches  or  less.  As 
there  is  sufficient  reason  to  place  the  Kootanie  measures  on  at 
least  a  provisionally  suspect  list,  the  question  of  airways  for 
future  extension  of  workings  is  one  which  must  be  faced,  because 
it  is  manifestly  unwise  to  adopt  precautions  as  to  the  particular 
shape  in  which  your  coal  seam  is  to  be  blocked  out  where  that 
factor,  without  which  your  coal  remains  inert,  is  running  wild. 

In  conclusion  one  might  state  the  problem  generally  thus. 
We  are  commencing  the  exploitation  of  what  is  probably  the 
largest  continuous  deposit  of  lignite  and  bituminoussteam  coals 
in  the  world,  as  far  as  the  latter  class  is  concerned,  only  that 
portion  which  presents  but  the  minimum  in  the  matter  of  diffi- 
culties has  been  touched  and  as  time  elapses  far-reaching  factors, 
due  to  increase  of  weight  and  depth,  together  with  its  attendant 
complications  of  gas  and  progressively  difficult  ventilation 
will  develop. 

From  the  very  circumstances  of  the  physical  character  of 
the  occurrence  of  the  coal  measure  it  will  be  readily  admitted 
that  great  care  must  be  exercised  in  the  preliminary  laying  out 
of  the  workings  if  excessive  cost  is  not  to  be  saddled  permanently 
on  the  winning  of  coal  from  the  deeps,  and  it  must  be  admitted 
that  in  a  very  large  number  of  cases  this  has  not  been  done,  but  that 
a  hand-to-mouth  policy  of  supposedly  cheap  development  has 
been  adopted;  this  can  not  with  fairness  be  laid  to  the  fault 
of  the  mining  men  of  the  province,  but  rather  it  is  the  result 
of  the  interference  of  non- technical  men  with  strictly  technical, 
affairs.  However,  be  that  as  it  may,  the  fact  remains  that  if  in 
the  future  capital  invested  in  mines  be  lost  through  lack  of  proper 
provision  the  mining  men  now  employed  in  the  work  will  be 
superseded  by  others  who  will  overcome  the  disabilities  which 
submerged  their  predecessors. 
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The  warning  that  there  is  danger  to  be  apprehended  from 
spontaneous  combustion,  possibly  in  the  Kootanie  but  absolu- 
tely in  the  Edmonton  measures,  is  one  which  must  be  faced  and 
the  necessary  precautions  taken. 

There  are  three  ways  in  which  the  situation  may  be  met, 
depending  from  which  angle  it  is  to  be  regarded. 

1 .  By  voluntary7  action  on  the  part  of  the  individual  operator 

for  the  safe-guarding  of  capital. 

2 .  By  amendment  of  the  Coal  Mines  Regulation  Act  to  obvia- 

te the  necessity  which  will  undoubtedly  arise  if  precau- 
tions be  not  taken  in  time. 

3.  By  action  on  the  part  of  the   government    department 

controlling  the  natural  resources  for  the  legitimate  pur- 
pose of  safeguarding  the  interest  (potential  revenue 
from  royalty)  of  the  landlord  (in  this  case  the  govern- 
ment). 

It  is  hoped  that  action  taken  will  be  joint  action  by  those 
indicated  under  headings  1.  and  3  and  not  be  an  amendment  of 
the  Coal  Mines  Regulation  Act.  In  considering  the  legislation, 
or  rather  the  over-legislation  which  seems  to  be  the  nemesis 
which  dogs  industry  under  democratic  forms  of  government, 
one  can  not  do  better  than  ponder  the  weighty  words  of 
Prof.  Sir  John  Cadwan,  K.C.M.G.,  D.Sc,  in  his  presidential 
address  to  the  Institution  of  Mining  Engineers  in  1921.  The 
portion  of  this  address  which  may  be  considered  as  applicable 
to  us  at  this  juncture  is: 

"When  in  a  mine  or  any  other  undertaking  you  get  a 
whole  series  of  prohibitions  and  restrictions  and  regula- 
tions imposed  by  an  outside  authority,  you  are  bound 
also  to  get  an  atmoshpere  lacking  in  the  essential  elem- 
ent of  personal  responsibility.  Managers  and  work- 
men are  equally  affected  by  it;  their  relationship  is  at 
once  made  more  artificial  than  it  need  be;  there  is  a  defi- 
nite loss  all  down  the  line  of  interest,  harmony,  and  the 
will  to  work.  Please  understand  that  I  do  not  advocate 
any  abridgment  of  that  control  which  the  State  should 
properly  exercise  over  the  mining  industry  in  order  to 
safeguard  the  lives  and  health  of  those  employed  in  it ; 
but  the  legislation  of  which  I  am  speaking  goes  far 
beyond    that." 
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The  writer  wishes  to  express  his  thanks  for  the  kind  help 
in  obtaining  the  data  regarding  the  mines  of  the  province  of 
Alberta  afforded  by  Mr.  J.  T.  Stirling,  the  Chief  Inspector, 
and  the  personnel  of  the  Mines  Branch. 


Discussion 

Mr.  J.  A.  H.  Church:  The  salient  feature  would  seem  to 
be  that  the  thickness  of  the  seam,  in  our  coals  at  any  rate,  is 
the  main  factor  in  predisposition  to  spontaneous  ignition.  The 
evidence,  incomplete  it  must  be  admitted,  in  the  Saskatchewan 
and  British  Columbia  fields,  and  complete  in  the  Alberta  field 
to  my  mind,  shows  this  up  very  strongly.  The  German 
report  on  the  upper  Silesian  coal  fields  definitely  fixes  the 
critical  thickness  at  13  feet,  the  British  report  goes  far  beyond 
this  figure  by  stating  that  liability  to  ignition  increases  with 
the  thickness  of  the  seam  over  four  feet. 

Of  the  six  fires  attributed  to  spontaneous  ignition  all  the 
seams  were  identical  or  in  excess  of  the  critical  thickness 
mentioned  in  the  German  report. 

If  there  be  any  reason  in  the  foregoing  it  is  high  time  some 
forethought  were  taken  to  adopt  some  definite  system  of  laying 
out  the  workings  of  such  seams  not  so  much  on  the  outcrop 
districts  as  with  a  view  to  the  future  operation  to  the  dip. 
Seams  approaching  13  feet  in  thickness  which  to  date  have 
shown  no  disposition  towards  heating  during  the  extraction  of 
the  outcrop  areas  may  well  cause  infinite  trouble  or  indeed 
total  loss  when  the  ventilating  pressuree  increase  as  increase 
they  must  to  the  dip.  This  state  of  affairs  can  be  combatted 
only  by  the  adoption  of  a  correct  system  of  working  and  the 
provision  of  numerous  airways  of  as  large  an  area  as  may  be 
compatible  with  the  physical  characteristics  of  the  particular 
seam. 

The  intention  of  this  paper  was  to  stimulate  the  interest 
of  all  concerned  in  this  question  and  induce  them  to  read  the 
British  report  for  themselves.  It  is  hoped  that  members 
will  take  up  the  question  of  suitable  methods  of  working  and 
present  papers  for  discussion. 


Spontaneous  Combustion  of  Coal  in  Mines— Church  285 

Mr.  R.  G.  Drinnan:  Mr.  Church  is  to  be  congratulated 
on  bringing  to  the  attention  of  the  members  of  the  Institute 
such  an  interesting  and  important  question  as  ' 'Spontaneous 
Combustion  of  Coal  in  Mines".  He  has  done  us  a  further 
service  in  reviewing  in  such  an  able  and  concise  manner  the 
report  of  the  British  Committee  investigating  this  subject. 

I  can  remember  when  I  became  a  mining  student  a  quite 
commonly  expressed  theory  as  to  the  cause  of  spontaneous 
combustion  was  that  the  iron  pyrites  in  the  coal  coming  in 
contact  with  water  started  chemical  action  and  the  resultant 
heat  ignited  the  small  coal.  Later  it  was  generally  accepted 
that  the  oxidation  of  the  fine  coal  was  responsible  for  the 
heating.  Just  recently,  I  see  in  the  supplement  to  the  Colliery 
Guardian  that  the  presence  of  Alkalies  increases  the  rate  of 
oxidation  and  that  it  is  the  ulmines  in  the  coal  that  cause 
all  the  trouble. 

However,  I  am  not  prepared  to  discuss  the  scientific  side 
of  the  question.  It  is  a  well  established  fact  that  fires  are 
started  in  mines  by  spontaneous  combustion  although  some 
coals  are  more  subject  to  this  than  others.  What  we  are  most 
vitally  interested  in  is  what  conditions  underground  contribute 
to  the  danger  from  spontaneous  heating  and  how  they  can  be 
prevented.  If  fires  cannot  be  prevented,  how  can  they  be 
controlled. 

Mr.  Church  summarizes  the  contributing  causes  resulting 
from  methods  of  mining  as: 

1.  Crushing  of  pillars. 

2.  Uneven  and  incomplete  settlement  of  waste. 

3.  Leaving  of  timber  in  waste. 

4.  Leakage  of  air  through  places  where  such  is  undesirable. 

5.  High  pressure  ventilation. 

6.  Airways  of  constricted  area. 

I  am  quite  willing  to  agree  with  Mr.  Church  that,  speaking 
now  of  bituminous  areas,  all  these  causes  exist  in  most  of  the 
mines. 

I  want  to  go  further  and  say  that  taking  into  consideration 
the  physical  characteristics  of  the  seams  in  the  bituminous  area, 
I  cannot  see  how  you  can  avoid  setting  up  just  such  conditions. 

Great  and  sudden  variation  in  the  thickness  of  the  seams, 
in  pitch,  in  the  nature  of  the  roof  and  floor  and  the  thickness 
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of  cover  would  mean  constant  change  in  the  method  of 
working.  What  might  be  good  mining  practice  in  one  part 
of  the  mine  would  be  unsuitable  in  another  and  that  within 
a  very  short  distance  of  one  another.  A  further  difficulty  is 
that  there  is  no  way  of  discovering  the  changes  until  you  are 
right  on  them.  This  condition  of  affairs  is  very  general 
throughout  the  whole  of  the  bituminous  areas  in  Alberta 
and  I  am  not  inclined  to  believe  that  it  is  possible  to  devise 
a  method  of  working  that  would  prevent  the  occurrence  of 
the  cause  mentioned. 

Therefore  if  fires  from  spontaneous  combustion  are  brought 
about  by  any  or  a  combination  of  the  occurrences  mentioned 
then  in  my  opinion  we  are  going  to  have  fires  in  mines  where 
the  coal  is  subject  to  spontaneous  heating  unless  some  means 
can  be  found  for  preventing  them,  separate  and  apart  from 
the  contributary  causes. 

Stowing  the  gob  would  no  doubt  be  an  effective  method 
if  it  could  be  carried  out  in  practice  and  without  prohibitive 
cost.  In  the  mines  that  I  have  referred  to,  the  gob  is  left  in 
a  condition  making  it  impracticable  to  stow  even  if  it  could 
be  done  cheaply. 

Carbon  dioxide  has  been  used  more  or  less  successfully 
in  putting  out  or  controlling  a  gob  fire  from  spontaneous 
combustion. 

We  have  left  therefore  the  question  of  control  of  a  fire 
after  the  heating  has  been  noticed  or  even  before  in  the  case 
of  a  waste. 

From  what  experience  I  have  had  I  believe  the  most 
important  part  of  the  whole  question,  to  us  at  least,  lies  in 
the  proper  laying  out  of  the  underground  workings.  Whether 
the  system  be  longwall  or  pillar  and  stall,  provision  should  be 
made  in  the  working  plan  so  that  when  an  area  is  exhausted 
it  can  be  sealed  up  so  that  no  air  can  penetrate  into  the  gob. 

Further  provision  should  be  made  so  that  when  heating 
is  detected  the  area  affected  can  be  quickly  and  easily  isolated 
from  the  rest  of  the  mine.  In  other  words  adopt  the  panel 
system  and  adhere  to  it. 

Whether  the  coals  of  the  Kootanie  measures  are  subject 
to  spontaneous  combustion  or  not  it  is  a  wise  precaution  to 
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plan  the  workings  so  that  isolation  of  an  area  can  be  quickly 
accomplished. 

We  know  that  the  small  coal  in  the  lignite  mines  is  subject 
to  spontaneous  combustion  and  while  in  most  of  these  mines 
greater  precaution  is  possible  in  the  working  of  the  seams  so 
as  not  to  leave  accumulations  of  small  coal  in  the  gob  still  a 
method  of  working  that  permits  of  quick  isolation  and  sealing 
up  after  all  the  coal  is  won,  is  much  to  be  desired. 

Mr.  Church  suggests  three  ways  in  which  this  practice 
in  the  laying  out  of  the  underground  workings  can  be  put  into 
effect. 

1 .  By  voluntary  action  on  the  part  of  individual  operators. 
From  what  I  know  of  the  individual  operator,  this 
would  not  be  a  very  effective  way. 

2.  By  amendment  to  the  Coal  Mines  Act. 

The  function  of  the  Provincial  Mines  Branch  is  as  I 
understand  it  largely  one  affecting  the  safety  of  the 
operation  and  the  method  of  mining  can  be  what  you 
like  so  long  as  it  is  conducted  in  a  safe  way. 

3.  The  third  method  is  the  sure  way  of  controlling  the 
operation  of  the  mine  so  that  the  necessary  precautions 
are  taken  to  prevent  or  control  mine  fires  starting 
from  spontaneous  combustion. 

The  landlord  in  granting  a  lease  can  say  that  the  coal 
must  be  mined  in  such  a  way  as  to  prevent  or  at  least 
minimize    the    danger    and    loss    from    spontaneous 
combustion,  on  the  penalty  of  having  to  pay  royalty 
on  the  coal  lost  from  such  cause. 
Even  then,  I  suppose  we  would  have  some  operators 
who  would  take  a  chance  but  that  is  to  be  expected 
in  these  days  when  almost  any  kind  of  a  risk  can  be 
insured  against. 
I  have  not  any  doubt  that  spontaneous  combustion  in 
coal  mines  is  helped  by  careless  methods  that  are  employed 
in  the  extraction  of  the  coal  and  that  we  have  lost  a  lot  of  coal 
from  this  source. 

We  are  likely  to  keep  on  incurring  losses  unless  some  effort 
is  made  to  draw  attention  to  the  seriousness  of  the  matter, 
and  I  believe  Mr.  Church's  paper  will  do  a  lot  of  good  along 
those  lines. 
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Mr.  L.  C.  Stevens:  Regarding  the  strict  chemistry  oi 

spontaneous  combustion  I  have  nothing  to  say,  but  in  passing, 
I  would  like  to  refer  to  the  possible  action  of  fusian.  Fusian 
generally  occurs  in  coal  in  layers  but  in  some  coals  traverses 
the  mass  in  all  directions;  occasionally  it  is  found  in  lumpy 
masses. 

It  is  sometimes  called  ' 'mother  of  coal"  and  is  more  like 
wood  charcoal.  As  it  is  not  cohesive,  coal  tends  to  fracture 
along  the  bedding  planes  of  fusian. 

Messrs.  Sinnatt,  Stern  and  Bayley  state: — 

"Fusian   is   a   jet   black   powder   even   when   finely 

pulverized ;  it  has  a  needle  like  structure  and  can  be  readily 

distinguished  from  coal  dust  by  means  of  the  microscope; 

it  causes  a  black  dirty  smudge  on  the  skin  and  is  removed 

with  difficulty.     Fusian  ignites  with  considerable  ease  at 

a  low  temperature  and  continues  to  smolder  at  a  dull 

red  heat  without  the  production  of  flame  or  the  evolution 

of  compounds  having  an  odour.     Fusian  appears  to  play 

the  part  of  touchwood  or  tinder." 

It  would  seem  from  the  foregoing  that  fusian  may  be  a 
very  important  constituent  and  it  is  to  be  hoped  that  inform- 
ation with  reference  to  this  as  applied  to  our  western  coals 
will  come  out  under  discussion. 

We  all  know  that  the  moistening  of  coal  causes  it  to  heat 
but  it  is  seldom  realized  how  much  moisture  can  be  absorbed, 
by  coal,  from  the  surrounding  atmosphere. 

Messrs.  Portre  and  Ralston  in  conducting  experiments 
along  this  line  state  that  a  sub-bituminous  coal  transferred 
from  a  storage  atmosphere  of  40  per  cent  humidity  to  one  of 
75  per  cent  humidity  may  gain  7  per  cent  by  weight  by  moisture 
absorption. 

Professor  Fernsides,  whilst  in  Edmonton  in  1921,  stated 
that  "Doncaster  smalls  gain  in  weight  and  rise  in  temperature 
which  if  not  controlled  gives  rise  to  spontaneous  combustion". 

Coal  is  also  said  to  absorb  up  to  three  times  its  volume  in 
oxygen  such  absorption  increasing  in  speed  with  its  rise  in 
temperature.  Chemical  activity  doubles  with  every  10  degrees 
rise. 

The  degree  of  fineness  of  coal  influences 'the  chemical 
activity  by  exposing  more  or  less  surface  to  the  action,  and 
coal  small  enough  to  pass  through  a  16-mesh  sieve  exposes 
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about  one  acre  of  surface  to  the  ton.  These  few  remarks 
serve  to  impress  one  with  a  more  lively  idea  of  what  a  piece 
of  coal  really  is,  and  that  it  is  anything  but  an  inert  mineral. 

Coming  to  the  more  practical  question  of  the  prevention 
of  gob  fires  we  have  before  us  certain  principles  upon  which 
spontaneous  combustion  depends  and  upon  these  we  base  our 
actions. 

They  are :    Adequate  supply  of  oxygen. 
Accumulation  of  heat. 
Presence  of  moisture. 
Adequate  supply  of  oxygen. 

To  prevent  this  we  come  to  the  conclusion  that  all  wastes 
must  be  closed  so  tightly  that  there  will  be  no  possibility  of 
air  circulation  or  ' 'breathing".  That  if  this  cannot  be  effected 
oxygen  must  be  excluded  by  the  sealing  off  of  all  abandoned 
areas. 

The  effect  of  such  sealing  is  that  the  oxygen  content  of 
the  enclosed  air  is  rapidly  reduced  by  various  chemical  reactions 
until  there  is  insufficient  to  enable  any  further  change  to  take 
place  or  in  other  words  to  support  combustion. 
Accumulation  of  heat. 

To  prevent  this,  a  system  of  thorough  ventilation  of  all 
spaces  is  advocated  by  some,  which  ventilation  dissipates  any 
heat  caused  by  chemical  change.  The  advocates  of  this  system 
claim  it  is  undesirable  that  large  spaces  within  a  mine  should 
be  filled  with  noxious  gases,  liable  at  any  time  of  low  baro- 
metric pressure  to  appear  in  the  travelling  roads  and  working 
places. 

Under  this  heading  it  is  well  to  state  that  any  source  of 
artificial  heating  should  be  avoided  as  this  has  proved  to  be 
a  prolific  source  of  trouble.  The  sealing  of  gob  areas  as  before 
stated  strikes  at  the  root  of  the  trouble  and  removes  the  initial 
cause  of  heating. 
Presence  of  moisture. 

The  presence  of  moisture  acts  as  an  accelerator  in  causing 
chemical  change.  On  reading  the  paper  written  by  Mr. 
Thos.  L.  McCall  on  Coal  Mining  in  Malaya1  it  may  be  noted 
that  the  air  was  heavily  charged  with  moisture  before  entering 
the  mine.    A  portion  of  this  would  be  precipitated  on  a  slight 


(l)  Bulletin    of   the    Canadian    Institute    of   Mining   and    Metallurgy, 
July,  1922. 
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drop  in  temperature  and  would  render  therefore  considerable 

assistance  to  chemical  change.     This  point  is  influenced  not 
only  by  the  condition  of  the  air  when  entering  the  mine  but 
also  by  the  efficacy  of  general  ventilation. 
Ventilation, 

All  places  should  be  well  ventilated,  except  abandoned 
and  sealed  areas.  Ventilating  pressures,  as  mentioned  by 
Mr.  Church,  should  be  kept  low  by  providing  sufficient  area 
to  airways.  This  as  stated  is  an  important  point  in  the  setting 
out  of  working  on  new  properties  that  is  often  neglected. 
It  is  easy  to  figure  out  the  minimum  requirements  if  the 
ultimate  size  of  the  operation  is  known  and  lay  out  double 
entry  or  multiple  entry  systems  to  suit.  The  size  of  shafts 
making  due  provision  for  cage  clearance  also  has  to  be  con- 
sidered —  an  item  generally  sadly  neglected. 

It  is  well  to  bear  in  mind  that  local  pressure  is  created 
by  the  placing  of  a  regulator,  which  under  certain  circumstances 
may  cause  trouble,  and  on  again  referring  to  Mr.  McCall's 
paper  it  may  be  noted  that  the  hanging  of  a  brattice  was 
quite  sufficient  to  cause  an  outbreak  of  fire. 

There  is  one  main  feature  in  the  ventilation  of  any  mine 
liable  to  spontaneous  combustion  that  should  not  be  over- 
looked and  that  is  to  so  arrange  the  main  airways  that  the 
whole  mine  pressures  are  in  balance. 

To  illustrate  this  by  an  example  suppose  there  was  a 
considerable  area  of  old  workings  with  the  main  return  airway 
running  through  the  centre  and  the  main  intake  to  the  one 
side  possibly  some  distance  away. 

The  effect  would  be  that  one  side  of  the  mine  would  be 
subjected  to  the  maximum  pressure  as  represented  by  the 
water  gauge  reading  between  the  airways  and  the  possible 
air  leakage  consequent  thereto. 

By  providing  another  intake  airway  to  the  other  side  of 
the  main  return  it  is  obvious  that  the  tendency  would  be  to 
balance  the  ventilating  pressures  throughout  this  area  and 
trouble  might  thereby  be  avoided. 

The  effect  of  these  conclusions  on  practical  operations 
may  be  summed  up  as  follows. 

That  in  all  seams  liable  to  spontaneous  combustion 
workings  should  be  laid  out  in  panels. 

That  the  ventilation  of  each  panel  be  independent. 
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That  it  should  be  possible  to  reverse  the  ventilation  in 
each  panel  without  affecting  other  parts  of  the  mine. 

That  all  pillar  drawing  should  be  proceeded  with  in  a 
systematic  manner  to  induce  a  regular  line  of  break  and  cause 
an  even  settlement  of  roof.  It  should  also  be  realized  that  the 
bringing  back  of  pillars  is  essentially  a  longwall  operation,  and 
the  withdrawal  of  gob  timbers  may  be  essential  to  success. 

That  in  stowing  or  gobbing  of  waste  coal  it  should  be 
spread  out  and  not  piled,  particularly  by  the  sides  of  the  pillar 
stumps  that  may  have  to  left. 

While  all  the  coals  throughout  the  Edmonton  series, 
according  to  analysis,  may  be  pre-disposed  to  spontaneous 
combustion  it  will  be  noted  that  with  one  exception  all  mine 
fires  have  originated  in  thick  seams.  The  exception  can  be 
passed  over  as  the  conditions  under  which  the  fire  started 
were  artificial.  It  is  quite  probable  the  freedom  from  trouble 
is  due  to  the  dryness  of  atmospheric  conditions  low  mine 
temperatures,  generally  good  roof  and  moderate  thickness  of 
coal  worked. 


A  STANDARDIZED   METHOD   FOR 
AIR-DRYING   COAL. 

By  E.  Stansfield.1 

(Western  Annual  Meeting,  Estevan,  Saskatchewan,  L923.) 

Coal  samples  are  sometimes  taken  from  a  wet  spot  in 
a  mine,  or  from  an  open  car  or  pile  shortly  after  rain,  and 
submitted  for  analysis  in  a  dripping  wet  condition.  Other 
samples  are  taken  from  a  dry  spot  in  the  mine,  or  from  an 
open  car  or  pile  after  a  period  of  dry  weather.  Comparison 
of  the  analyses  obtained  in  the  two  cases  would  be  absurd, 
although  the  samples  might  be  of  essentially  the  same  coal 
apart  from  the  surface  moisture  on  the  one.  The  analyst 
therefore  attempts  to  reduce  all  samples  to  an  equal  basis 
by  the  operation  known  as  air-drying. 

Air-drying  is  practised  by  the  chemist  for  three  reasons: 
(1)  To  make  it  possible  to  grind  the  coal  to  powder.  (2)  To 
bring  the  coal  sample  to  a  condition  in  which  it  will  not 
change  in  weight  rapidly  whilst  portions  are  being  weighed 
out  for  analysis  —  in  other  words,  to  bring  it  into  equilibrium 
with  the  air  in  the  laboratory.  (3)  To  determine  the  water- 
retaining  power  of  the  coal. 

Any  kind  of  drying  is  satisfactory  for  (1) ;  the  coal  should 
be  dried  more  or  less  according  to  the  humidity  at  the  time 
in  the  laboratory  for  (2);  whilst  it  should  be  always  dried 
to  the  same  extent  for  (3).  In  other  words,  no  method  can 
be  satisfactory  for  both  (2)  and  (3).  In  this  paper  the  only 
question  considered  is  (3)  —  that  is,  air-drying  the  coal  under 
standard  conditions  so  that  strictly  comparable  results  can  be 
obtained  for  the  water  content  of  coals  after  air-drying.  After 
a  sample  of  wet  coal  is  exposed,  it  loses  moisture  until  it  is 
in  equilibrium  with  the  air  at  the  time:  thus  the  coal  will 
loose  distinctly  more  water  in  air  of  20  per  cent  relative 
humidity,  for  example,  than  it  would  in  air  of  80  per  cent. 


(1)    Research  Engineer,    Scientific    and    Industrial  Research  Council  of 
Alberta,  Edmonton,  Alta. 

(292) 
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Plate  1.     Apparatus  for  Air-Drying  of  Coals. 
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Some  years  ago,  in  Montreal,  the  writer  decided  that  the 
average  out-door  humidity  throughout  the  year  was  probably 
in  the  neighbourhood  of  60  per  cent.  He  therefore  air-dried 
coals  to  a  constant  weight  in  air  of  60  per  cent  humidity. 
This  figure  of  60  per  cent  is  entirely  arbitrary,  but  he  has 
since  seen  no  reason  to  raise  or  lower  it. 

The  problem  now  is  to  construct  a  chamber  in  which  coal 
samples  can  be  air-dried  whilst  a  constant  humidity  of  60 
per  cent  is  readily  maintained.  A  solution  of  calcium  chloride 
in  water,  of  such  a  strength  that  it  has  a  Sp.Gr.  of  1.30,  has 
been  found  to  have,  at  ordinary  temperatures,  a  vapour 
pressure  of  approximately  60  per  cent  of  that  of  water  at  the 
same  temperature.  In  other  words,  air  moistened  by  means 
of  such  a  solution  will  have  a  humidity  of  about  60  per  cent, 
and  this  does  not  vary  notably  over  the  range  of  temperatures 
likely  to  occur  in  the  laboratory.  This  property  of  calcium 
chloride  solution  is  utilized  as  follows. 

Two  boxes  were  constructed  as  shown  in  the  figure.  Racks 
to  support  trays  of  coal  were  placed  in  the  upper  one,  and  a 
fan  in  the  lower  one.  The  two  boxes  were  connected  by 
large  air  pipes  so  that  the  fan  causes  a  steady  circulation  of 
air  through  the  drying  box  over  the  trays  of  coal.  The  air 
passing  up  the  pipe  on  the  left,  from  the  fan  box  to  the  coal 
box,  passes  eight  long  pieces  of  3^-inch  lamp  wick,  down 
which  a  steady  stream  of  calcium  chloride  solution  is  flowing. 
The  air  thus  takes  moisture  from  or  gives  up  moisture  to  the 
solution,  and  passes  over  the  coal  at  60  per  cent  humidity. 
It  then  returns  to  the  fan  down  the  other  pipe,  and  the  cycle 
is  repeated.  The  calcium  chloride  solution  flows  at  a  uniform 
rate  from  the  upper  bottle  into  the  small  beaker  shown.  From 
here  it  siphons  out  and  down  the  wicks,  and  runs  into  the 
lower  bottle.  From  time  to  time  the  lower  bottle  is  emptied, 
the  gravity  of  the  solution  readjusted  to  1.30,  and  the  upper 
bottle  refilled.  The  fan  employed  is  a  10-inch  Wing  "Scruplex" 
fan  with  a  rated  capacity  of  950  cu.  ft.  of  free  air  per  minute. 
The  photograph  shows  the  general  view  of  the  apparatus, 
which  is  designed  to  dry  eight  samples  of  coal,  each  weighing 
9  ounces.  At  least  one  gallon  of  solution  is  sent  through  the 
apparatus  every  24  hours. 
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Fig.  1.     Construction  of  Air-Drying  Apparatus. 

A  test  experiment  with  the  coal  rack  removed  and  a 
recording  hygrometer  and  recording  thermometer  placed  in 
the  coal  box  showed,  as  in  the  curves,  that  the  humidity 
varied  but  slightly  from  60  per  cent  in  spite  of  temperature 
variations.  Two  trays  of  high-moisture  coal  came  to  equili- 
brium in  the  box  in  43  hours  or  less.  A  tray  of  similar  coal 
exposed  outside  the  box  lost  more  moisture,  but  varied  in 
weight  as  the  humidity  of  the  laboratory  changed.  The  curve 
also  shows  the  humidity  in  the  room  at  intervals  during  the 
experiment,  and  a  typical  diurnal  curve  at  a  different  time. 

Air-drying  as  thus  standardized  consists  in  crushing  the 
coal  to  4-mesh  or  smaller;  spreading  it  out  in  a  thin  layer 
on  a  tray  (roughly  %  lbs.  of  coal  per  sq.  ft.  of  tray  area) ; 
weighing,  and  exposing  for  48  hours  to  an  atmosphere  of 
rapidly  circulating  air  of  60  per  cent  humidity,  and  again 
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weighing.  The  loss  on  air-drying  is  thus  determined,  and  the 
moisture  left  in  the  air-dry  coal  determined  by  the  regular 
standard  method.  This  method  of  air-drying  is  now  being 
used  for  all  coal  analyses  in  the  Industrial  Research  Depart- 
ment of  the  University  of  Alberta.  It  is  very  satisfactory 
to  be  able  to  state  that  the  Mines  Branch  at  Ottawa  have 
agreed  to  adopt  this  as  their  standard  method  of  air-drying. 
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Fig.  2.     Chart  Illustrating  Air-Drying  of  Coals. 


Many  coals  from  different  districts  in  the  west  are  most 
clearly  distinguished  from  each  other  by  their  moisture-holding 
characteristics.  A  definite  standard  of  air-drying  is  therefore 
far  more  important  in  the  west  than  in  the  east,  where  the 
moisture  content  of  the  coal  is  usually  low.  The  classification 
of  coal  adopted  in  the  compilation  of  'The  Coal  Resources 
Of  The  World"  for  the  12th  International  Geological  Congress 
gave  as  a  principal  characteristic  of  all  "Class  D"  coals  that 


Method  for  Air-Drying  Coal — Stansfield       297 

they  contained  more  than  6  per  cent  of  moisture.  Apparently 
this  was  meant  to  be  6  per  cent  of  moisture  in  the  air-dried 
sample,  but  no  definition  of  air-drying  was  given.  In  this 
connection  the  following  quotation  is  of  interest,  from 
Appraisers'  Bulletin  No.  2814,  Department  of  Customs  and 
Excise,  Ottawa,  25th  August,  1923. 

"Lignite,  or  Lignitic  Coals  are  to  be  denned  as  those 
grades  of  coal  having  on  the  air-dried  basis  not  less  than 
6  per  cent  moisture  content. 

"Both  the  brown  lignites  and  the  black  lignites  also 
known  as  'sub-bituminous'  come  within  the  class  of  lignitic 
coals,  and,  therefore,  may  all  be  termed  'lignites'. 

"The  standard  method  for  air-drying  referred  to  above 
is  that  recently  adopted  by  the  Provincial  Government  of 
Alberta  and  by  the  Department  of  Mines,  Ottawa,  and  consists 
of  exposing  the  crushed  coal  in  shallow  layers  at  room 
temperature  in  an  atmosphere  of  approximately  60  per  cent 
humidity." 


KICK  versus  RITTINGER. 
By  H.  E.  T.  Haultain. 

(Annual  General  Meeting,  Montreal,  March,  1923) 

Any  rock  breaking  device  produces  new  rock-surface,  heat 
and  noise. 

The  new  surface  we  want,  the  heat  we  do  not  want. 

In  crushing  a  particle  of  rock  we  first  have  distortion 
then  rupture.  They  both  absorb  energy.  The  energy  re- 
quired to  distort  (prior  to  rupture)  appears  as  heat.  The  ener- 
gy required  to  bring  about  the  final  rupture  produces  new  sur- 
face and  does  not  appear  as  heat. 

The  relation  of  the  energy  of  distortion  to  size  of  product 
can  be  calculated  according  to  Kick's  theorem.  0) 

The  relation  of  the  energy  of  the  final  rupture  to  the  size 
of  product  can  be  calculated  according  to  Rittinger.  (2) 

The  combination  of  the  two,  both  of  which  are  essential  to 
the  most  perfect  form  of  crushing  that  we  can  imagine,  is  ac- 
cording to  neither  Kick  nor  Rittinger,  but  is  somewhere  be- 
tween the  two. 

The  relative  proportions  of  each  will  depend  on  the  tough- 
ness and  physical  characteristics  of  the  rock,  and  hence  will 
vary. 


1.  Kick's  theorem  —  "The  energy  required  for  producing  analagous 
changes  of  configuration  of  geometrically  similar  bodies  of  equal  technological 
state  varies  as  the  volumes  or  weights  of  those  bodies". 

2.  Rittinger  —  "The  energy  required  for  crushing  is  proportional  to 
the  new  surface  formed,  i.e.,  for  any  given  unit  weight  of  rock,  is  proportional 
to  the  reciprocal  of  the  diameter  of  the  average  size. 

For  a  general  account  of  the  dispute  see  Kick  vs.  Rittinger  by  E.  A.  Rolph 
Canadian  Mining  Journal,  Aug.  18,  1922. 
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Further: — in  any  practical  rock  crushing  device  there  is, 
besides  the  internal  friction  of  distortion,  surface  friction  of 
particle  on  particle,  and  particle  on  crushing  surface. 

In  the  process  of  nip  prior  to  the  general  distortion  there  is 
a  fine  comminution  at  points  and  angles  as  the  crushing  sur- 
face "seats"  itself.  There  is  friction  between  these  fine  part- 
icles under  high  pressure.  This  is  inseparable  from  the  most 
perfect  form  of  crushing  device  that  we  can  produce. 

The  energy  absorbed  by  this  must  be  included  in  the  work 
of  a  100%  efficient  crusher,  but  is  according  to  neither  Kick 
nor  Rittinger,  and  will  vary  with  the  rock. 

Hence  all  attempts  to  settle  the  Kick  versus  Rittinger 
dispute  by  argument  would  appear  to  be  futile. 

Further: — in  all  the  tumbling-barrel  type  of  rock  commi- 
nutors  (ball  mills,  pebble-mills,  tube-mills,  conical-mills)  there 
is  an  undue  amount  of  friction  between  full  sized  particles. 
There  is  probably  much  distortion  without  rupture.  Hence 
there  is  much  needlessly  generated  heat.  Temperature  may 
be  some  criterion  of  the  efficiency  of  a  tube-mill,  though  not 
an  exact  measuring  stick. 


UNDISCOVERED  MINES  OF 
BRITISH  COLUMBIA. 

By  W.  L.  Uglow.* 

(Annual  Genera]  Meeting,  British  Columbian  Division,  October,  1923) 

During  the  summer  of  1923  British  Columbia  was  visited 
by  technical  and  business  representatives  of  many  of  the 
leading  mining  corporations  of  Great  Britain,  who  were 
investigating  mineral  possibilities  and  general  mining  condi- 
tions with  the  idea  of  locating  new  fields  for  investment. 
It  is  unfortunately  true  that  British  capital  has  not  during 
the  past  two  decades  looked  with  favour  towards  investment 
in  mining  undertakings  here,  and  the  reasons  for  this  view- 
point are  easily  discovered.  The  history  of  British  mining 
enterprises  in  this  province  ever  since  the  boom  days  of  the 
90 's  shows  with  few  exceptions  a  record  of  failures  due  to  the 
misguided  policy  of  local  promoters  in  submitting  to  British 
capital  properties  with  little  or  no  merit,  or  with  grossly 
over-estimated  possibilities,  and  in  some  cases  to  the  short- 
sightedness on  the  part  of  the  investors  themselves  in  not 
having  taken  steps  to  obtain  expert  and  disinterested  recom- 
mendations regarding  such  properties.  Again,  apart  from 
these  facts,  we  are  finding  to  our  chagrin  that  while  represent- 
atives who  have  this  year  been  in  the  country  express  the 
desire  of  their  principals  to  obtain  a  foothold  here,  due  in 
great  measure  to  the  decreasing  attraction  of  the  South  African 
goldfields,  they  are  imbued  with  the  suspicion,  strengthened 
no  doubt  by  the  English  view  of  the  treatment  received  by 
the  Grand  Trunk  shareholders,  that  their  investments  would 
not  receive  fair  and  just  treatment. 

In  order  to  create  the  desired  confidence  towards  the 
public  and  the  potentialities  of  the  province,  and  to  give 
British  capital  a  clean-cut  and  favourable  conception  of  the 
country  as  a  field  worthy  of  investment,  it  becomes  the  duty 
of  British  Columbians  to  show  our  British  visitors  the  best 
that  we  have  in  mining;  to  give  them  a  correct  and  unbiassed 


*University  of  British  Columbia,  Vancouver,  B.C. 
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insight  into  the  many  factors  affecting  local  mining  conditions; 
to  cease  giving  voice  to  flagrant  and  incessant  overestimations 
of  our  mineral  possibilities,  and  to  recognize  and  make  use  of 
the  fact  that  capital  is  not  going  to  take  the  entire  gamble 
in  the  purchase  or  bonding  of  a  property,  but  will  require 
the  owners  to  take  an  equal  chance;  to  be  willing  to  base  the 
valuations  they  place  on  their  properties  on  probabilities  for 
ore;  and  finally  to  advise  foreign  interests  that  in  British 
Columbia  there  is  not  an  unlimited  variety  of  workable  deposits 
to  be  found,  but,  on  the  other  hand,  a  few  definite  types  of 
ore  bodies,  which  time  has  proved  to  be  the  ones  on  which 
the  record  of  the  province  will  depend. 

It  is  the  purpose  of  this  paper  to  mention  briefly  the 
characteristics  of  these  definite  types  of  deposits 0),  to  discuss 
the  various  factors  affecting*  the  discovery  of  new  mines  and 
mining  districts  in  British  Columbia;  to  attempt  to  direct  the 
search  for  our  "undiscovered"  mines  along  the  lines  that  are 
clearly  suggested  by  a  critical  study  of  the  progress  of  the 
industry  and  the  geology  of  the  province;  and  in  general  to 
provide  a  viewpoint  towards  the  development  of  the  mining 
industry  that  will  assist  unfamiliar  investigators  in  appraising 
the  mineral  possibilities. 

The  main  types  of  deposits  characteristic  of  British 
Columbia  classified  on  the  basis  of  metals  produced  therefrom 
are  as  follows: 

A.  Large  low-grade  copper-bearing  pyritic  replacements 
with  low  values  in  gold;  such  as  Britannia,  Anyox, 
Knob  Hill  Ironsides,  Tyee,  Copper  Mountain. 

B.  Gold-copper  veins  and  replacements  of  small  to  inter- 
mediate size  in  which  gold  is  the  principal  metal 
sought;  such  as  Belmont-Surf  Inlet,  Marble  Bay, 
Cornell,  Copper  Queen,  Rocher  de  Boule,  and  the 
mines  of  Rossland. 

C.  Gold  and  gold-silver  veins  and  replacements;  such  as 
Nickel  Plate,  Mother  Lode,  Pioneer,  Premier,  Engineer. 


(1)  A  full  description  of  these  types  is  given  in  an  article  entitled 
"British  Columbia  as  a  Mining  Province",  by  H.  G.  Nichols  and  W.  L. 
Uglow,  in  the  Mining  Magazine,  London,  August  1923. 
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TABLE  II.     SHOWING  PRODUCTION  OF  METALS  IN  BRITISH 
COLUMBIA  FOR  FIFTEEN  YEAR  PERIOD  1908-1922. 


Year 

Gold 

Lode  and 

Placer 

ounces 

Silver 
ounces 

Copper 
pounds 

Lead 
pounds 

Zinc 
pounds 

1908 

287,932 

2,631,389 

47,274,614 

43,195,733 

1909 

262,074 

2,532,742 

45,597,245  j 

44,396,346 

8,500,000 

1910 

294,701 

2,450,241 

38,243,934 

34,658,746 

4,184,192 

1911 

249,917 

1,892,364 

36,927,656 

26,872,397 

2,634,544 

1912 

285,271 

3,132,108 

51,456,537  | 

44,871,454 

5,358,280 

1913 

297,754 

3,465,856 

46,460,305 

55,364,677 

6,758,768 

1914 

275,420 

3,602,180 

45,009,699 

50,625,048 

7,866,467 

1915 

288,521 

3,366,506 

56,918,405  j 

46,503,590 

12,982,440 

1916 

250,957 

3,301,923 

65,379,364 

48,727,516 

37,168,980 

1917 

139,323 

2,929,216 

59,007,565 

37,307,465 

41,848,513 

1918 

180,674 

3,498,172 

61,483,754 

43,899,661 

41,772,916 

1919 

166,751 

3,403,119 

42,459,339 

29,475,968 

56,737,651 

1920 

131,128 

3,377,849 

44,887,676  , 

39,331,218 

47,208,268 

1921 

147,323 

2,673,389 

39,036,993 

41,402,288 

49,419,372 

1922 

216,096 

7,101,311 

32,359,896  1 

67,447,985 

57,146,548 

D.  Silver-copper  veins  and  replacements  of  small  size, 
characterized  by  the  presence  of  tetrahedrite;  such  as 
Silver  King,  Silver  Standard,  Delta,  dry-ore  mines  of 
Slocan. 

E.  Silver-lead-zinc  veins  and  replacements;  such  as 
Sullivan,  Paradise,  St.  Eugene,  Dolly  Varden,  Mo- 
narch, and  mines  of  Slocan  and  Ainsworth  districts. 

F.  Magnetite  deposits  of  contact  metamorphic  origin. 
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Taking  the  figures  given  by  the  Provincial  Mineralogist 
in  his  1922  report  as  a  basis  for  calculation,  the  production  of 
metals  from  these  various  classes  is  given  in  Table  1(0. 

An  examination  of  the  statistics  in  Table  II  shows  that 
during  the  past  15  years  there  has  been  a  very  slow  growth 
in  the  production  of  gold,  silver,  copper  and  lead.  Zinc  alone 
among  the  chief  metals  has  occupied  a  conspicuous  position 
in  the  matter  of  rapid  increase  of  production,  but  this  increase 
is  not  due  to  discoveries  of  new  deposits,  but  rather  to  the 
successful  development  of  new  methods  of  extraction  at  the 
Sullivan  mine.  The  production  of  placer  gold  shows  an  almost 
steady  decline  from  over  32,000  ounces  to  18,000  ounces;  that 
of  lode  gold  remained  about  stationary  from  1908  to  1916,  but 
since  then  has  suffered  a  decided  decrease  to  nearly  half  its 
former  total;  the  production  of  silver  varied  between  2  and 
?>y2  million  ounces  from  1908  to  1921,  but  in  1922  took  an 
abrupt  rise  to  over  7  million  ounces  —  an  increase  of  about 
4  J/2  million  ounces  over  1921,  due  almost  entirely  to  the  output 
from  the  Premier  mine  alone;  the  production  of  copper  reached 
a  high  level  during  the  war,  but  has  reverted  to  the  pre-war 
level;  that  of  lead  varied  from  27  to  48  million  pounds  from 
1908  to  1921,  but  in  1922  jumped  to  nearly  673^  million  pounds 
—  due  to  an  increase  for  that  year  of  about  19  million  pounds 
from  the  Sullivan  mine. 

The  only  marked  progress  in  the  case  of  silver  is  due 
to  the  discovery  of  one  mine  in  the  Salmon  River  district;  in 
the  case  of  copper  to  the  exploitation  on  a  large  scale  of  the 
Britannia  and  Anyox  mines,  which  more  than  offset  the  slump 
due  to  the  closing  down  of  operations  in  the  Boundary  district; 
and  in  the  case  of  lead  to  improvements  in  methods  of  treat- 
ment for  Sullivan  ore,  and  not  to  discoveries  of  new  mines  or 
districts.  In  simplest  terms,  therefore,  this  means  that  in  15 
years  the  province  has  seen  the  actual  discovery  of  one  new 
district  with  one  major  producer,  the  opening-up  on  a  large 
producing  scale  of  two  previously  discovered  copper  deposits, 
and  of  one  previously  known  lead-zinc  district. 

At  first  glance  this  does  not  look  like  a  very  promising 
record,  but  there  are  several  extenuating  circumstances  that 
have    to   be   taken   into   account.    Amongst   these   are   the 

(1)  Idem. 
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instability  of  the  industry  during  the  post-war  years,  the 
decrease  in  prospecting,  the  difficulties  of  transportation  in  a 
new  country,  the  shortness  of  the  season,  etc.,  combined  with 
the  discovery  and  large-scale  mining  of  more  easily  operated 
deposits  in  the  western  United  States,  the  Andes  of  Chile  and 
Peru,  and  the  Belgian  Congo.  In  such  a  summary  as  the 
above  which  is  based  on  actual  production  alone,  one  should 
not  lose  sight  of  the  fact  that  several  deposits  of  low  grade 
ore  are  known  which  are  now  undergoing  exploration  and  may 
soon  be  brought  into  the  position  of  important  producers. 

One  is  naturally  led  from  these  facts  to  attempt  an 
appraisal  of  the  mineral  possibilities  of  British  Columbia,  and 
to  ask  the  questions:  What  are  the  chances  of  undiscovered 
mines  and  mining  districts  in  the  province?  and  are  there 
any  new  measures  to  be  adopted  or  methods  to  be  employed 
which  will  stimulate  and  assist  in  the  finding  of  these  undis- 
covered deposits  or  in  extending  the  possibilities  of  the  known 
mines  and  districts?  An  attempt  to  supply  some  of  this 
information  is  offered  in  the  answers  to  the  following  pertinent 
questions. 

Is  the  geology  of  British  Columbia  favourable  to  further  discoveries 
of  mines  and  mining  districts  and  to  the  continuation  of  ore 
with  increasing  depth  ? 

With  few  exceptions,  ore  deposits  in  this  province  are 
located  either  in  the  immediate  vicinity  of  igneous  rocks,  or 
in  areas  which  are  characterized  by  igneous  intrusion,  and 
there  is  little  doubt  that  a  genetic  relationship  exists  between 
them.  With  this  connection  established,  one  can  say  with  a 
great  deal  of  assurance  that  the  favourable  grounds  for 
prospecting  are  around  the  marginal  portions  of  intrusive 
rocks.  There  is  the  great  granitic  belt  occupying  the  heart 
of  the  Coast  range,  stretching  from  the  international  boundary 
to  Alaska;  and  a  large  number  of  smaller  and  apparently 
isolated  intrusive  bodies  occurring  in  the  interior.  These  two 
sets  of  intrusives  are  the  great  miner alizers  of  the  province, 
and  their  unexplored  boundaries  constitute  the  chief  hope  for 
an  expanding  mining  industry.  The  country  rocks  in  the 
vicinity  of  the  intrusives  are  generally  the  hosts  for  ore,  and 
amongst  them  there  are  structures  and  lithological  types  which 
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arc  favourable  to  ore  deposition.  Tuffs,  sheared  porphyries, 
limestones  are  favourable  types  that  are  common,  while  shatter- 
ed rock  and  sheared  and  fissured  zones,  that  provided  channels 
for  metalliferous  solutions,  are  of  very  frequent  occurrence. 

A  study  of  the  ore  deposits  so  far  developed  has  shown 
them  to  be  in  very  large  measure  primary  in  character  and  to 
have  been  formed  by  ascending  solutions.  These  characteristics 
bespeak  permanency  in  the  sense  that,  other  things  being 
equal,  the  deposits  should  be  fairly  persistent  and  uniform  to 
moderate  depths.  In  other  words,  their  continuation  and 
character  have  little  relation  to  the  present  surface  of  exposure. 

By  marking  on  a  skeleton  map  of  the  province  the  areas 
known  to  be  underlain  by  igneous  rocks,  and  locating  the 
chief  mines  and  mineral  districts,  one  can  realize  at  a  glance 
the  areal  relationship  between  the  two,  and  at  the  same  time, 
the  very  small  part  of  the  country  in  the  vicinity  of  the  margins 
of  these  rocks  that  has  been  developed  by  mining.  Only 
where  facilities  for  transportation  are  afforded  either  by  water- 
way or  railway  have  the  margins  of  these  areas  of  intrusion 
been  explored  and  developed.  The  possibilities  in  the  western 
part  of  the  province  are  excellent,  and  depend  on  the  prospect- 
ing of  the  edges  of  the  Coast  Range  batholith,  of  which  there 
are  unexplored  gaps  over  300  miles  in  length;  while  the  prospects 
in  the  interior  depend  on  the  exploration  of  the  country  in  the 
neighbourhood  of  known  bodies  of  intrusive  rock,  and  in  the 
discovery  of  new  unmapped  areas  of  such  rock  to  provide 
additional  ground  favourable  for  prospecting. 

One  might  safely  conclude  from  the  above  facts  that, 
based  on  the  length  of  life  and  occasional  resuscitations  of 
some  of  the  older  mining  camps,  and  on  the  small  proportion 
of  geologically  favourable  ground  for  prospecting  already 
investigated,  there  is  very  good  reason  for  the  expectation 
that  new  mineralized  areas,  as  large  and  valuable  as  those 
we  at  present  have,  and  undiscovered  mines  of  equal  importance 
to  the  known  ones,  will  be  brought  in  as  the  exploration  of  the 
province  proceeds.  One  has  only  to  refer  to  the  history  of 
mining  exploration  and  development  on  extensive  and  intensive 
scales  in  the  older  mining  districts  of  Utah,  Arizona,  Colorado 
and  California,  and  to  the  remarkable  results  obtained  during 
13  years  of  mining  in  northern  Ontario  to  realize  that  it  is 
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not  mineral  possibilities  that  this  province  lacks,  but  the 
application  of  modern  methods  of  reconnaissance  and  detailed 
investigation,  and  the  provision  of  the  necessary  capital  for 
the  execution  of  such  work. 

Is  the  present  status  of  the  prospector  and  of  prospecting  in 
British  Columbia  conducive  to  the  continuous  discovery  of 
new  deposits  and  districts  ? 

It  is  well  recognized  that  the  genuine  old-time  prospector, 
the  man  with  a  "nose  for  ore",  animated  by  enthusiasm  for 
making  mineral  discoveries  and  for  developing  his  finds,  is 
rapidly  vanishing  from  the  hills.  His  place  is  being  taken  in 
large  measure  by  the  "staker",  who  has  no  particular  interest 
in  the  development  of  a  mineral  prospect  but  who  takes 
advantage  of  the  spasmodic  flutters  in  mining  to  stake  one 
or  more  claims.  In  the  majority  of  cases  little  or  no  work, 
beyond  the  barest  requirements  for  purposes  of  assessment,  is 
done.  The  attitude  of  the  staker  towards  his  claims  is  not 
that  of  the  true  prospector,  but  is  simply  that  of  a  vendor, 
who  does  not  take  any  serious  steps  to  improve  his  property, 
but  who  sets  a  high  price  on  his  holdings  and  waits  year  after 
year  for  the  arrival  of  some  purchaser.  Needless  to  say,  such 
men  defeat  their  own  ends  in  two  ways,  firstly,  by  not  con- 
scientiously opening  up  their  properties  so  as  to  expose  them 
to  best  advantage,  and,  secondly,  by  placing  such  high  valua- 
tions on  them  as  to  make  them  unsalable. 

This  is  indeed  a  gloomy  picture  to  paint  of  the  present-day 
prospector  and  of  his  worthy  calling,  but  with  the  exception 
of  a  small  number  of  the  old  type  who  are  still  left,  it  is  un- 
fortunately the  case.  This  change  in  the  point  of  view  and 
activities  of  the  prospector  is  not  mentioned  here  as  an  unkind 
reflection  on  that  worthy  band  of  pioneers,  without  whom  we 
would  have  very  few  mines  at  all,  but  it  is  mentioned  merely 
as  a  state  of  affairs,  which  no  doubt  has  come  to  pass  as  a 
natural  result  of  the  increased  attractions  and  complexities 
of  the  settled  life  of  a  growing  province.  It  represents  a 
condition  which  has  a  decidedly  adverse  effect  on  the  continued 
discovery  and  exploitation  of  new  deposits  and  districts;  and 
in  order  to  accelerate  the  rate  of  discovery  and  the  rate  of 
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bringing  in  new  mines,  some  alternative  must  be  adopted  on 
the  part  of  those  whose  interest  lies  in  the  welfare  of  the 
mining  industry. 

During  the  last  few  years  there  has  developed  a  tendency 
to  persuade  the  prospector  to  attend  short  courses  in  mining 
schools  and  universities  with  the  object  of  increasing  his  use- 
fulness as  an  ore-finder  by  training  him  in  the  elementary 
principles  and  facts  of  geology,  mineralogy,  chemistry,  mining 
and  metallurgy.  This  is  no  doubt  a  laudable  endeavour  and 
materially  assists  the  men  in  their  search.  But  it  does  not 
to  any  marked  degree  instil  in  these  men  the  old  love  of  pros- 
pecting, which  is  the  sine  qua  non  of  a  healthy  growth  of  the 
calling.  Suggestions  regarding  alternative  methods  of  accel- 
erating the  rate  of  mine  discoveries  are  given  in  a  later  section. 

Could  a  scientific  study  of  croppings  with  relation  to  the  type  of 
underlying  deposit  afford  any  new  criteria  that  might  be  of 
value  in  appraising  and  interpreting  surface  showings  ? 

The  study  of  croppings  of  ore  bodies  in  relation  to  the 
type  of  underlying  deposit  is  a  branch  of  mining  geology  which 
has  been  almost  entirely  neglected  (0;  yet  it  is  reasonable  to 
expect  that  such  a  study,  if  carried  out  on  a  sufficiently  broad 
scale,  with  the  necessary  detail,  and  with  the  application  of 
principles  of  metamorphism,  weathering  and  general  chemistry, 
would  yield  decidedly  valuable  practical  results. 

In  British  Columbia,  where  intense  glaciation  has  to  a 
large  extent  removed  the  products  of  weathering  and  exposed 
at  or  very  close  to  the  surface  the  primary  unaltered  ore, 
there  would  not  be  the  same  scope  for  the  application  of  results 
of  such  a  study  as  in  non-glaciated  regions;  but  one  has  only 
to  travel  through  the  various  mining  districts  of  the  province 
to  realize  that  there  is  generally  some  oxidized  cropping  in 
nearly  all  cases,  and  in  some  cases  a  very  marked  and  deep 
one.  As  illustrative  of  this  statement,  reference  may  be  made 
to  the  surface  croppings  at  the  Britannia,  Hidden  Creek  and 
Paradise  mines,  and  in  the  Salmon  River  Slocan  and  Ainsworth 
districts  generally. 


(1)    See  "Experiment  in  Ore-Hunting  Geology",  by  Augustus  Locke, 
Min.  and  Met.,  April,  1922,  pp.  27-29. 
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The  following  quotation^)  from  the  editorial  columns  of 
"Economic  Geology"  admirably  sums  up  the  situation: — 

"The  subject  of  croppings  is  an  important  aspect  of  economic  geology 
because  the  croppings  are  the  features  by  which  it  is  hoped  the  character 
of  the  deposit  beneath  the  ground  may  be  deduced ....  Many  valuable 
properties  have  been  developed  as  a  result  of  a  correct  interpretation  of 
croppings;  it  is  also  probable  that  many  properties  lie  undeveloped  because 
of  the  lack  of  correct  interpretation,  or,  what  is  perhaps  more  likely  to  be 
the  fact,  a  lack  of  knowledge  upon  which  any  sound  deduction  may  be  based. 
Again,  in  undeveloped  mineral  districts,  the  cropping  is  one  of  the  most 
important  objects  of  study .... 

"There  are  indeed  few  diagnostic  criteria  available.  Certain  oxidized 
products  may  persist  in  the  cropping  and  are  a  clear  indication  of  the  previous 
existence  of  certain  metals,  such,  for  example,  as  the  stains  of  copper,  nickel, 
cobalt,  manganese  and  iron.  Again  the  shape  of  the  molds  of  minerals 
with  pronounced  crystal  habit  testify  to  the  original  presence  of  such  minerals 
as  pyrite,  calcite,  garnet,  arsenopyrite  and  others,  or  the  amount  of  cellular 
spaces  left  in  the  croppings  will  indicate  the  abundance  of  soluble  minerals 
such  as  sulphides  that  may  have  been  removed  during  the  process  of  oxida- 
tion. The  abundance  of  iron  oxide  staining  may  also  be  commensurate 
with  the  original  content  of  iron-containing  minerals.  Also  the  shape  of 
the  cropping  is  oftentimes  that  of  the  original  orebody.  This  is  obvious  in 
the  case  of  ore  bodies  with  such  diagnostic  forms  as  fissure  veins,  but  less 
susceptible  of  easy  interpretation  with  such  types  of  deposits  as  irregular 
replacement  lodes,  contact  metamorphic  deposits,  or  disseminated  bodies. 
With  such  deposits  the  'spilling  over'  of  iron  oxide  stains,  beyond  the  margins 
of  the  original  ore  body,  may  disguise  the  shape  of  the  original  deposit  and 
produce  an  apparent  cropping  much  larger  than  the  original .... 

"To  take  by  way  of  illustration  of  one  aspect  of  our  scanty  information, 
the  full  significance  that  may  be  attached  to  the  various  kinds  of  iron  oxide 
to  be  found  in  croppings. . . .  Some  limonite  is  brown  or  chocolate-colored, 
some  is  red,  and  some  is  yellow.  It  may  be  compact  and  massive,  compact 
and  cellular,  or  crumbly.  Such  variations,  it  may  be  presumed,  are  not  a 
matter  of  chance  but  more  likely  are  the  result  of  definite  but  unknown 
causes.  Determinations  of  the  controlling  factors  which  yield  these  different 
kinds  of  limonite  may  go  far  toward  more  scientific  interpretations  of  croppings. 
Possibly  some  of  the  differences  in  the  character  of  iron  oxide  may  be  due  to 
the  different  iron-bearing  minerals  of  the  original  deposit,  where  pyrite  upon 
oxidation  may  yield  one  variety  of  limonite,  chalcopyrite  another,  and  so 
torfh." 

T.  A.  Rickard(2)  asks  the  question  "Can  he  (the  geologist) 
develop  a  scientific  method  whereby  the  presence  or  absence 


(1)  Croppings  of  Ore  Deposits,  by  A.  M.  Bateman,  Econ.  Geol.,  Dec 
1922,  p.  703. 

(2)  The  Scientific  Search  for  Ore,  by  T.  A.  Rickard,  Eng.  and  Min. 
Jour.  Press,  Aug.  11,  1923,  p.  226. 
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of  ore  underground  can  be  inferred  from  an  examination  of  the 
surficial  rock?"  In  reply  he  describes  experiments  in  the 
correlation  of  specimens  from  croppings  and  underlying  ore 
which  have  recently  been  carried  on  by  Charles  H.  White, 
formerly  professor  of  mining,  at  Harvard,  and  Augustus  Locke, 
geologist  of  San  Francisco.  The  results  to  date  indicate  that 
some  very  useful  criteria  have  been  deduced  in  this  work  from 
the  critical  examination  and  correlation  of  over  7,000  hand 
specimens. 

The  particular  bearing  of  this  aspect  of  mining  geology 
on  British  Columbia  conditions  would  be  in  its  application 
to  the  examination  and  judgment  of  undeveloped  prospects, 
of  which  there  are  such  a  very'  large  number.  It  would  no 
doubt  be  of  very  great  assistance  in  the  search  for  '  'undis- 
covered" mines,  if  some  reliable  criteria  regarding  croppings 
were  available  for  use. 

What  is  the  effect  of  the  overburden  of  glacial  drift  and  the  mantle 
of  vegetation  on  the  development  of  the  mining  industry  and 
the  finding  of  "undiscovered"  mines? 

A  great  part  of  British  Columbia  is  underlain  by  a  thick 
burden  of  glacial  drift  and  gravel,  and  covered  with  a  mantle 
of  forest,  which  almost  completely  masks  the  character  of  the 
underlying  rock.  The  higher  portions  of  the  mountain  ranges, 
the  more  precipitous  slopes  of  stream  valleys,  and  the  coast 
line  in  general  are  free  from  this  cover  and  the  rocks  are  bare. 
Most  of  the  mining  prospects  and  a  large  percentage  of  the 
mines  occur  in  those  barren  parts  of  the  country  usually  above 
or  close  to  timber  line,  where  the  solid  rock  geology  is  readily 
visible.  Since  almost  all  of  the  loose  over-burden  is  of  glacial 
origin,  it  bears  no  relation  to  the  character  of  the  underlying 
rock  and  so  becomes  a  distinct  hindrance  to  prospecting. 
In  some  cases,  however,  as  on  the  slopes  of  hills  and  mountains 
where  the  drift  is  thin,  some  indication  of  the  character  of 
the  underlying  rock  may  be  gathered  from  the  type  of  vegeta- 
tion, or  talus  from  mineral  outcrops  may  still  be  found  mixed 
with  the  drift  in  such  a  way  as  to  provide  a  clue  to  its  source. 
The  actual  discoveries  of  ore  bodies  and  prospects  that  have 
been  made  in  the  drift-covered  areas  (and  there  are  many) 
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stand  as  tributes  to  careful  and  painstaking  prospecting,  and 
point  to  possibilities  hidden  under  the  drift  that  will  remain 
for  future  intensive  exploration  to  reveal. 

The  effect  of  the  continental  ice  sheet  on  the  life  of  the 
Tertiary  placer  gold  deposits  was  of  two  distinct  types.  In 
the  first  place,  the  glaciers  to  a  large  extent  dispersed  the 
gold-bearing  gravels,  and  left  the  gold  scattered  irregularly 
through  the  drift  and  subsequent  stream  and  river  gravels. 
With  few  exceptions,  these  auriferous  glacial  and  post-glacial 
deposits  are  not  of  commercial  grade. 

In  the  second  place,  the  continental  ice  sheet  failed, 
particularly  in  the  Cariboo  district,  to  completely  gouge  out 
the  rich  Tertiary  bedrock  gravels,  but  overrode  them  and  left 
a  covering  of  drift  and  gravel,  thus  protecting  them  from 
rapid  obliteration  by  post-glacial  streams.  It  is  quite  possible 
that  further  detailed  physiographical  investigation  in  the  region 
of  the  Interior  Plateaus  will  outline  new  areas  in  which  these 
early  rich  gravels  still  remain  obscured  by  a  protective 
covering  of  later  detritus.  The  recent  discoveries  at 
Cedar  Creek  and  vicinity  are  illustrations  of  one  type 
of  deposit  that  may  be  expected  to  be  found  under  those 
conditions. 

It  is  well  established  that  most  of  the  ore  deposits  of 
British  Columbia  are  primary  in  character,  and  that  whatever 
secondarily  enriched  or  oxidized  zones  formerly  existed  were 
almost  entirely  removed  during  the  ice  age.  Year  after  year 
exceptions  to  this  general  rule  are  discovered,  and  there  is  an 
accumulating  body  of  evidence  to  show  that  in  some  parts 
of  the  province  at  least,  ice  erosion  was  not  nearly  as  intense 
as  ordinarily  imagined.  The  secondarily  enriched  silver 
deposits  of  the  Salmon  River  and  Alice  Arm  districts,  of  the 
Krao,  Horn  Silver,  Sally  and  Bell  mines;  the  oxidized  silver- 
lead  deposits  of  the  Paradise-Ptarmigan  basin  in  East  Koote- 
nay,  and  the  enriched  outcrops  of  gold  quartz  veins  of  Barker- 
ville  are  striking  examples  of  the  failure  of  the  glacial  ice  to 
grind  off  clean  the  products  of  rock  decay  and  vein  enrichment 
and  they  furnish  indications  that  there  are  still  possibilities  of 
undiscovered  mines  of  secondary  ore  in  a  generally  glaciated 
province. 
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Could  the  recently  devised  methods  of  electrical  prospecting  be 
satisfactorily  applied  to  the  discovery  of  the  types  of  ore 
bodies  characteristic  of  British  Columbia  ? 

Experiments  conducted  during  the  last  few  years  by 
Professor  C.  Schlumberger^),  of  the  ficole  des  Mines,  Paris, 
and  by  Sherwin  F.  Kelly (2)  in  connection  with  electrical 
prospecting  have  resulted  in  satisfactory  applications  of  the 
methods  used  to  the  discovery  of  certain  types  of  ore  deposits. 
Mr.  Kelly  spent  several  months  in  1921  in  testing  his  "spon- 
taneous polarization"  method  in  the  mining  districts  of  Duck- 
town,  Tennessee;  Wilkes-Barre  anthracite  field,  Pennsylvania; 
Sudbury,  Cobalt,  Porcupine  and  Kirkland  Lake,  Ontario;  and 
Keweenaw  peninsula,  Michigan.  His  conclusion  from  these 
experiments,  which  show  in  general  the  applicability  of  his 
method  are  worth  quoting  verbatim: — 

"From  these  experiments  I  conclude  that  the  method  of  spontaneous 
polarization  is  not  applicable  with  certainty  to  the  prospecting  of  native 
copper  deposits  of  the  Calumet  type.  On  the  other  hand,  the  method  of 
utilizing  an  independently  generated  current  seems  to  give  promise  of  fairly 
good  results  on  such  deposits. . . . 

"From  these  experiments  upon  native  copper,  pyritic  and  anthracite 
coal  deposits,  it  is  reasonable  to  believe  that  prospecting  by  the  spontaneous 
polarization  method  is  applicable  to  pyrite,  pyrrhotite,  smaltite  and  other 
metallic  sulphides  when  these  are  present  as  a  vein,  or  segregation,  or  replace- 
ment body,  and  when  the  mineralization  is  sufficiently  concentrated,  to  present 
a  practically  continuous  metallic  path  forthe  transmission  of  the  spontaneously 
generated  electric  currents.  Such  are  the  types  represented  by  the  Duck- 
town,  Sudbury,  Porcupine  and  Cobalt  deposits. 

"If,  on  the  other  hand,  the  mineralization  is  disseminated  through  a 
non-conducting  gangue  such  as  quartz,  spontaneously  generated  currents, 
if  present,  cannot  be  detected,  and  this  method  is  inapplicable  to  such  ore 
bodies.  In  this  category  are  the  gold  deposits  in  the  silicified  porphyry  at 
Kirkland  Lake.  However,  pyritic  gold  in  the  schistose  rocks  of  this  same 
region  gives  a  decided  reaction. 

"Native  copper  deposits  of  the  Calumet  and  Hecla  type  are  not  readily 
identified  by  this  method  of  prospecting,  although  the  more  cumbersome 
one,  making  use  of  an  independently  generated  current,  may  be  applied  with 
success. 


(1)  Study  of  Underground  Electrical  Prospecting,  by  C.  Schlumberger 
Trans,  by  S.  F.  Kelly.    Gautier-Villars  &  Co.,  Paris,  1920. 

(2)  Experiments  in  Electrical  Prospecting,  by  S.  F.  Kelly.    Eng.  and 
Min.  Jour.  Press,  vol.  114,  1922,  pp.  623-629  and  673-676. 
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"Anthracite  coal,  when  in  strata  that  are  steeply  tilted,  may  easily  be 
discovered  by  making  use  of  the  phenomenon  of  spontaneous  polarization 
currents .... 

"Prospecting  by  electricity  will  probably  find  its  most  useful  field  in 
preliminary  surveys  of  mineral  districts  for  the  purpose  of  determining  the 
most  advantageous  locations  for  putting  down  diamond  drill  holes.  Professor 
Schlumberger's  method  gives  one  on  a  general  idea  of  the  location  and  trend 
of  mineral  zones,  but  is  incapable  of  discovering  precise  information  as  to 
the  character  and  value  of  the  metals  present." 

Statements  of  fact  such  as  these  do  not  require  many 
words  of  explanation  to  relate  them  to  conditions  in  British 
Columbia.  Many  of  the  deposits  that  have  been  mined  are 
heavily  charged  with  sulphides,  and  would  consequently  react 
in  accordance  with  the  principle  of  spontaneous  polarization. 
It  is  interesting  to  note  that  in  the  Sudbury  district,  a  body 
of  nickeliferous  pyrrhotite  was  outlined  by  electrical  prospect- 
ing, although  it  was  covered  by  50  to  200  feet  of  glacial  drift. 

Could  any  practical  results  be  achieved  by  detailed  studies  of 
mineralogy,  lithology  and  structure  both  in  operating  and 
idle  mines  with  the  idea  of  applying  the  information  thus 
gained  to  the  discovery  of  extensions  of  known  ore  bodies, 
or  of  new  zones  in  the  vicinity  of  known  deposits  ? 

The  success  of  applied  geology  in  the  development  of 
mines  is  not  as  generally  recognized  in  British  Columbia  as 
it  should  be  —  or  at  least  little  use  is  made  of  it  in  exploration 
for  ore.  In  spite  of  the  fact  that  in  the  United  States  and 
elsewhere  examples  are  innumerable  of  the  great  benefits  that 
have  been  derived  from  the  practical  application  of  geology, 
in  this  province  only  the  Granby,  Britannia  and  Premier 
mining  companies  have  made  more  than  an  occasional  use 
of  it.  Here  are  a  few  notable  instances  of  the  commercial 
advantages  to  be  derived  from  its  use: 

Paul  Billingsley,  of  the  Anaconda  Copper  Mining  Com- 
pany, stated  in  1920(0  :— 

"In  the  present  state  of  our  knowledge  of  the  Butte  structure,  it  is 
almost  invariably  true  that  a  vein  is  found  as  predicted  on  geological  grounds. 
The  finding  of  ore  in  the  vein  used  to  be  a  fifty-fifty  bet.  In  recent  years, 
however,  as  we  have  to  come  to  pay  more  attention  to  the  position  and 
pitch  of  ore  shoots  within  the  veins,  commercial  ore  is  found,  I  think,  in  about 
85  per  cent  of  the  work  recommended." 


(1)    Trans.  Can.  Min.  Inst.,  vol.  23,  1920,  p.  362. 
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The  E.  J.  Longyear  Company,  of  Minneapolis,  undertook 
a  few  years  ago  an  important  piece  of  mining  exploration  in 
the  Sudbury  district,  Ontario^).  Their  geological  staff  made 
a  detailed  study  of  ore  occurrence  in  the  area,  and  then  directed 
a  programme  of  diamond  drilling  on  a  group  of  properties  on 
which  the  solid  rock  was  buried  by  50  to  200  feet  of  drift. 
Their  success  in  discovering  and  developing  a  large  new  nickel- 
copper  deposit  is  one  of  the  most  striking  examples  of  the 
value  of  practical  geology. 

The  extensive  development  of  discontinuous  bodies  of 
hematite  in  the  iron  districts  of  Michigan  and  Wisconsin  is  a 
remarkable  tribute  to  the  work  of  the  structural  geologist, 
who,  by  means  of  lithological  studies  and  the  unravelling  of 
the  intimate  folding  and  folding  of  the  rocks,  definitely  pointed 
to  the  location  of  undiscovered  bodies  of  ore. 

As  illustrations  of  what  may  be  accomplished  in  British 
Columbia  by  similar  methods,  reference  may  be  made  to  the 
work  of  R.  H.  Stewart  at  the  Silversmith  and  Ruth  mines, 
Sandon,  and  to  the  work  of  the  following  officers  of  the  Geolo- 
gical Survey  —  the  late  C.  W.  Drysdale  at  Rossland,  the  late 
J.  D.  Mackenzie  in  the  Vancouver  Islands  coalfields,  S.  J. 
Schofield  at  Britannia,  and  S.  J.  Schofield  and  Geo.  Hanson 
at  the  Premier. 

There  is  no  doubt  for  example  that  applied  structural 
geology  in  such  districts  as  Slocan  and  Ainsworth,  where  the 
location  of  the  ore  bodies  is  controlled  to  a  large  extent  by 
structural  features,  would  result  in  the  discovery  of  hidden 
mines  in  the  immediate  vicinity  of  apparently  worked  out  or 
abandoned  properties. 

There  is  also  a  strong  likelihood  that  continued  study  of 
the  Coast  range  and  other  intrusive  rocks  in  the  regions  of 
ore  deposits  will  bring  to  light  certain  types  of  rocks  or  certain 
types  of  intrusion  with  which  these  deposits  preferentially 
occur.  The  results  of  studies  of  this  problem  by  the  officers 
of  the  Geological  Survey  will  be  awaited  with  interest. 

Much  valuable  information  regarding  the  continuation 
and  the  change  of  character  and  grade  of  ore  deposits  in  depth 


(1)  Genesis  of  the  Sudbury  Nickel-Copper  Ores  as  indicated  by  Recent 
Explorations,  by  H.  M.  Roberts  and  R.  D.  Longyear;  Bull.  Am.  Inst.  Min. 
Eng.,  Feb.  1918,  pp.  555-584. 
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may  be  obtained  from  detailed  study  of  the  mineralogy  of 
ore  and  the  metamorphism  of  wall  rocks,  and  predictions 
correctly  based  on  such  data  may,  if  wisely  acted  upon,  result 
in  the  saving  of  considerable  expense  in  mine  development 
or  even  in  mill  design  and  construction. 

The  most  valuable  information  bearing  on  the  extension 
of  ore  bodies  or  the  finding  of  new  or  faulted  ones  can  be 
secured  in  developed  mines  only  by  the  day-to-day  study  of 
all  the  new  features  revealed  at  working  faces,  such  as  fracture 
systems,  rock  changes  and  mineral  variations.  In  general, 
this  data  becomes  inaccessible  through  timbering  and  filling 
as  the  development  of  the  mine  proceeds,  and  failure  to  collect 
all  these  facts  while  the  opportunity  avails  means  a  permanent 
loss  of  evidence  that  would  likely  at  some  time  be  a  distinct 
asset. 

The  microscope  has  come  to  play  an  important  part  in 
the  course  of  experimental  research  on  the  adaptability  of 
complex  ores  to  methods  of  concentration.  Specimens  of 
metallic  ores  may  now  be  polished  and  the  character,  size 
and  intimacy  of  intergrowth  of  the  various  constituents 
determined  by  simple  petrographic  methods.  The  application 
of  this  microscopic  method  and  technique  to  the  research  on 
complex  ores  has  already  saved  a  great  deal  of  trouble  and 
expense  arising  from  trial  grindings  and  analyses  of  various 
products  in  concentration  tests.  There  is  much  scope  for 
investigation  along  these  lines  in  reference  to  the  treatment 
of  British  Columbia  ores. 

Are  the  actual  exposures  of  ore  at  the  present  surface  any  indica- 
tion of  the  number  of  deposits  that  any  particular  district 
may  contain  ? 

The  early  history  of  the  mines  of  the  province  and  an 
examination  of  its  various  mineral  prospects  would  no  doubt 
reveal  the  fact  that  a  very  large  percentage  of  the  deposits 
were  discovered  either  as  actual  outcrops  through  the  drift, 
or  at  least  as  coming  to  the  present  rock  surface  and  buried 
only  beneath  a  veneer  of  drift.  Since  most  of  the  ore  deposits 
of  the  province  are  primary  in  character    or  more    or  less 
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intimately  related  in  origin  to  igneous  intrusion,  their  position 
in  the  crust  has  little  or  no  relation  to  the  present  erosion 
surface  on  which  discoveries  are  made.  This  surface  is  an 
accidental  one  as  far  as  the  mineral  deposits  are  concerned, 
one  which  has  been  cut  in  a  generally  horizontal  fashion 
through  the  upper  portion  of  the  zone  of  mineral  deposition. 
No  doubt  it  passed  below  the  bottom  of  some  deposits,  and 
they  have  therefore,  been  entirely  removed;  it  intersected  a 
large  number  of  others  and  they  appear  as  outcrops;  while 
it  most  assuredly  passed  above  the  top  of  many  others  which 
still  lie  hidden  without  any  outcrop.  The  occurrence  of 
mineralized  lodes  or  zones  in  any  district  points  to  the  presence 
of  a  set  of  conditions  which  favoured  the  formation  of  ore, 
but  it  should  also  bring  out  clearly  the  fact  just  referred  to 
that  there  is  every  reason  to  expect  in  these  same  districts 
the  occurrence  of  other  bodies  of  ore  which  apex  upwards  and 
which  do  not  happen  to  have  been  cut  and  exposed  by  the 
present  erosion  surface. 

That  these  conditions  of  occurrence  are  the  true  ones  is 
proved  by  the  history  of  most  highly  developed  mining  camps 
and  may  be  verified  by  reference  to  many  of  the  better  known 
mining  districts  of  the  United  States  and  Europe.  The  history 
of  the  Porcupine  gold  camp,  in  which  underground  explora- 
tion has  revealed  many  blind  veins,  affords  a  striking  illustra- 
tion of  the  case  in  point.  The  same  conditions  hold  for  British 
Columbia,  in  which  no  district  has  yet  advanced  to  that  mature 
state  of  development  that  results  from  the  scientific  searching 
for  and  discovery  of  ore.  It  is  this  condition  which  justly 
provides  one  of  the  chief  hopes  of  established  mining  com- 
munities and  on  the  realization  of  which  their  relative  per- 
manence will  depend. 

A  recent  editorial  in  the  Engineering  and  Mining  Journal- 
Press  cites  a  case  which  is  a  propos  of  this  set  of  conditions. 
Referring  to  Cripple  Creek,  Colorado,  it  saysO): — 

"It  is  difficult  to  believe,  however,  when  one  walks  over  the    ground 
and  studies  the  history  of  this  great  district,   with  its  long  life  and  million 


(1)     Encouragement   for  Cripple  Creek,  Eng.  and  Min.   Jour.-Press 
vol.  116,  1923,  p.  223. 
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in  gold  produced,  that  the  camp  has  yielded  its  utmost.  The  thought  keeps 
recurring  that  surely  veins  still  remain  to  be  discovered,  and  that  it  only 
requires  courage,  capital  and  intelligent  prospecting  to  uncover  new  ore 
bodies.  Doubtless  such  reasoning  has  animated  W.  Spencer  Hutchinson 
and  his  principals  in  recently  taking  over  a  large  tract  of  land  in  the  Cripple 
Creek  region  with  the  intention  of  prospecting  and  developing  it.  They 
deserve  to  be  rewarded  for  their  initiative  in  taking  hold  in  a  district  that 
has  shown  signs  of  being  on  the  down  grade.  Their  action  will  prove  a 
decided  stimulus  to  mining  in  the  camp." 

Would  a  carefully  directed  plan  of  geological  prospecting  for  the 
selection  of  areas  of  probable  merit  and  the  detailed  explora- 
tion of  the  showings  in  these  areas  assist  in  accelerating  the 
discovery  rate  of  new  mines  ? 

Consequent  upon  the  general  decline  of  real  prospecting, 
some  means  will  have  to  be  devised  to  keep  the  rate  of  discovery 
of  mines  up  to  such  a  point  that  it  will  admit  of  continuous 
expansion  and  growth  of  the  mining  industry.  Just  what  form 
this  new  "ore  hunting"  will  take  is  difficult  to  predict  for 
British  Columbia.  It  is  not  part  of  the  field  work  of  the 
Geological  Survey,  although  the  investigations  of  that  body 
in  connection  with  assisting  to  develop  the  mineral  industry 
indicate  areas  and  conditions  which  are  worthy  of  exploration 
and  development.  An  attempt  along  these  lines  was  made 
by  the  Provincial  Government  at  the  close  of  the  war,  partly 
as  a  scheme  to  reestablish  returned  men,  by  means  of  which 
small  parties,  headed  by  a  field  man  of  some  experience,  were 
sent  to  prospect  districts  which  showed  promise.  This  attempt 
does  not  appear  to  have  been  very  successful,  although  no 
doubt  it  aimed  in  the  right  direction. 

In  the  western  United  States,  an  experiment  in  scientific 
prospecting  was  attempted  recently,  that  seems  to  contain  the 
germ  which  may  lead  to  the  solution  of  the  prospecting  problem 
in  British  Columbia.  Small  parties  of  field  men  headed  by  an 
engineer  or  geologist  undertook  the  systematic  exploration  of 
blocks  of  ground  as  a  strictly  commercial  venture,  and  these 
parties  were  directed  by  a  corps  of  engineers,  who  undertook 
direct  supervision  of  the  work.  A  somewhat  similar  experi- 
ment was  undertaken  by  the  Consolidated  Mining  and  Smelting 
Co.,  of  Canada,  in  its  systematic  exploration  of  the  Esquimalt 
and  Nanaimo  Railway  belt  a  couple  of  years  ago. 
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As  has  been  suggested  many  times  before  both  privately 
and  before  public  audiences,  there  seems  to  be  a  splendid 
opportunity  here  in  British  Columbia  for  carrying  on  a  series 
of  systematic  geological  explorations  of  selected  virgin  areas 
or  partially  exploited  mining  camps  with  the  idea  of  developing 
prospects  to  the  stage  of  promising  properties  that  would  be 
of  interest  to  mining  companies  looking  for  investment.  This 
type  of  prospecting  might  be  financed  by  exploration  companies, 
who  would  then  form  a  much-needed  link  between  the 
prospector  and  the  capitalist.  The  prospector  requires  some- 
one to  finance  and  direct  the  exploration  of  his  prospect,  and 
organized  companies,  especially  those  with  no  foothold  in 
British  Columbia,  are  loath  to  enter  the  province  on  the 
aquisition  of  mere  prospects.  They  require  partially  or  fully 
developed  mines  with  reasonable  assurances  of  continued  life. 
An  exploration  company  of  the  character  suggested  would 
find  excellent  opportunities  here,  and  by  carefully  choosing  a 
variety  of  properties  under  satisfactory  bonds  and  providing 
for  technically-guided  development  of  them,  would  be  almost 
sure  to  make  a  success. 
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(General  Meeting,  British  Columbian  Division,  Trail,  October,  1923.) 

The  concrete  work  on  the  new  Britannia  mill  was  started 
in  April,  1922.  The  erection  of  steel  commenced  on  July  10th, 
following.  The  installation  of  wood  work  and  machinery 
began  on  November  4th  of  the  same  year  and  was  pushed  to 
completion  in  January,  1923.  The  new  mill  building  is  an 
all  steel  structure  enclosed  with  galvanized  corrugated  steel. 
All  main  floors  and  foundations  are  of  reinforced  concrete, 
which  makes  the  building  practically  fireproof  throughout. 
The  mill  building  rises  on  a  steep  hillside  to  a  vertical  elevation 
of  210  feet  and  has  seven  distinct  floors,  for  the  various  opera- 
tions. Only  one  elevator,  with  30-foot  centres,  is  used  in  the 
entire  mill.  The  building  is  exceptionally  roomy  and  well 
lighted,  both  by  day  and  night.  The  capacity  of  the  mill, 
as  originally  designed,  was  to  be  2000  tons  daily,  but  this 
tonnage  can  be  readily  increased  to  over  3000  tons  daily  by 
making  slight  changes  in  the  fine  grinding  equipment;  in  fact, 
an  average  of  2700  tons  per  24  hours  was  maintained  throughout 
the  month  of  September. 

Character  of  the  Ore  (*) 

The  Britannia  ores  are  schistose  alterations  of  both 
quartz  and  diorite  porphyries,  which  were  later  mineralized. 
The  minerals,  iron  pyrite  and  chalcopyrite,  constitute  about 
17  per  cent  of  the  total  weight  of  the  ore.  The  remaining 
portion  of  the  original  constituents  of  the  altered  porphyries, 


♦Mill  Supt.  Britannia  Min.  &  Smelt.  Co.,  Britannia,  B.C. 

(1)  Geological  notes — Dr.  Schofield,  consulting  geologist,  Vancouver,  B.C. 
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other  than  the  sulphides  previously  mentioned,  has  been  almost 
completely  silitified  and  retains  the  strueture  of  the  schistose 
alteration  of  the  original  porphyries.  Only  a  very  small  p 
centage  of  the  feldspars  in  the  original  porphyries  are  to  be 
observed  in  the  ores,  therefore  very  little  true  colloidal  material 
results  from  fine  grinding.  The  ore  ranks  high  in  the  scale 
of  hardness  and  due  to  its  schistose  character  has  a  tendency 
to  split  into  elongated  pieces  rather  than  break  into  cubes. 

Coarse  Crushing  at  the  Mine. 

The  coarse  crushing  plant  at  the  mine  consists  of  one 
24  by  36-in.  Blake  crusher  taking  mine  ore  and  delivering  a 
6-in.  product  to  two  Allis  Chalmers  No.  7}y4  gyratory  crushers, 
crushing  to  2  inches.  From  the  coarse  crushing  plant  the  ore 
is  transported  by  electrical  haulage  and  rock  raises  to  the  mill 
bins.     Cost  of  this  crushing  is  5  cents  per  ton. 

Beach  Crushing  Plant  at  Mill. 

The  plant  has  a  live  storage  capacity  of  2500  tons  in  5 
steel  bins.  The  ore  is  drawn  from  the  bottom  of  these  bins  by 
36-in.  mechanical  roll-type  feeders,  delivering  to  a  30-in.  belt 
conveyor  over  which  is  hung  an  electric  lifting  magnet  for 
removal  of  tramp  iron. 

Washing  Plant  in  Connection  with 
Crushing  Plant  at  Mill. 

The  moisture  content  of  the  ore  as  received  from  the  mine, 
ranges  from  5  to  15  per  cent,  mainly  in  the  surface  fines.  Mill- 
men  often  use  and  abuse  the  word  '  'grief"  in  citing  their  various 
milling  troubles  and  will  agree  with  me  that  in  attempting  to 
dry-crush  a  silicious  ore  of  such  high  moisture  content,  there  was 
something  more  than  "grief".  The  fines  would  adhere  to  the 
rolls,  the  conveyor  belts,  and  even  adhere  to  and  close  up 
vertical  chutes.  The  only  remedy  at  the  time  appeared  to  be  the 
re-designing  of  the  plant  for  wet  crushing.  This  work  would 
have  meant  the  expenditure  of  a  large  sum  of  money  and 
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several  weeks  delay,  which  we  could  ill  afford  as  the  market 
price  of  copper  was  then  very  favorable.  We  were  fortunate 
in  finding  a  way  out  of  the  difficulty  by  the  installation  of  a  wash- 
ing plant,  ahead  of  the  coarse  rolls.  The  fines  are  washed 
out  of  the  ore  by  spraying  and  the  ore  is  then  passed  over 
hummer  screens  having  &  in.  opening.  At  the  bottom  of  the 
screen  the  ore  receives  a  further  drying  from  compressed  air 
sprays.  The  undersize  representing  about  20  per  cent  of  the 
total  ore,  plus  the  wash  water,  goes  direct  to  the  tube  mills. 
The  washed  oversize,  containing  only  2  per  cent  moisture, 
is  the  feed  to  the  crushing  plant. 

Dry  Crushing  After  Washing. 

The  oversize  from  the  washing  plant  passes  to  one,  72  by 
20-in.  Traylor  roll,  crushing  to  ^-inches.  The  discharge  from 
this  roll  is  then  kept  in  closed  circuit  by  a  series  of  conveyor 
belts  to  8  hummer  screems,  delivering  oversize  to  four,  54 
by  20-in.  Traylor  rolls  until  reduced  to  pass  the  A-in.  opening 
of  the  hummer  screens  and  thence  by  belt  conveyor  and  mova- 
ble tripper  to  mill  storage  bins  of  3600  tons  capacity.  Our 
total  live  storage  capacity  at  the  Beach  is  approximately  6000 
tons.  The  crushing  plant  is  operated  for  16  out  of  the  24  hours, 
with  normal  tonnage,  and  a  total  crew  of  10  men.  The  cost  of 
roll  crushing  is  approximately  12  cents  per  ton. 

Arrangement  of  Mill  Below  the 
Crushing  plant. 

Beginning  with  the  fine  storage  bins  the  mill  consists  of 
three  separate  units.  The  distribution  system  is  so  flexible 
that  any  machine  in  any  unit  can  be  cut  in  or  out  as  desired, 
without  impairing  the  efficiency.  A  cross  system  of  laundering 
from  unit  to  unit  permits  of  a  well  balanced  load  on  machines 
that  otherwise  might  be  over  burdened. 

The  feed  from  the  mill  fine-storage  bins  is  drawn  by  three 
20-in.  conveyors  and  is  here  weighed  by  3  Merrick  scales.  At 
this  point,  also,  automatic  head  samples  are  taken  every  12 
minutes  and  conveyed  by  belt  to  a  sampling  plant  equipped 
with  a  small  set  of  rolls  and  revolving  cutters. 
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Fink  (.rinding  Mills. 

The  ore  is  now  apportioned  by  switch  distributors 
to  eighteen  19-ft.  Simplex  Dorr  classifiers,  each  operating  in 
closed  circuit  with  a  7  x  10- ft.  tube  mill  grinding  to  18  per 
cent  plus  65  mesh.  The  7  x  10  tube  mills,  driven  by  75  hp. 
motors,  were  designed  for  pebble  load  only  and  are  equipped 
with  discharge  grates.  The  shell  lining  consists  of  5-in.  rail 
sections  tempered  and  set  endwise  in  neat  cement.  Danish 
flint  pebbles,  4} 9  to  6-in.  diameter,  were  the  grinding  media 
employed  at  the  start  of  operations.  It  was  quickly  discovered 
that  the  pebbles  would  not  grind  the  necessary  tonnage  to  the 
required  degree  of  fineness,  therefore,  9  of  the  pebble  mills  have 
been  converted  to  ball  mills  by  simply  substituting  3-in.  forged 
steel  balls  for  pebbles.  With  a  ball  load  of  the  same  weight 
as  pebbles  the  tonnage  ground  was  almost  doubled,  with  no 
increase  in  horse  power.  The  consumption  of  pebbles  is  approx- 
imately 10  lbs.  per  ton  of  ore  ground  as  against  2y2  lbs.  of  balls 
per  ton  of  ore  ground.  The  cost  of  grinding  only  being  in 
favor  of  pebbles. 

One  mill  was  reduced  from  7  ft.  to  5  ft.  inside  diameter, 
then  lined  with  5'in.  rail  sections  set  endwise  in  neat  cement. 
It  was  then  charged  with  3-in.  balls  and  gave  as  good  results 
as  the  larger  diameter  mill,  with  a  saving  of  J^  the  power  used 
by  the  larger  diameter  mill. 

A  novel  change  has  been  made  by  converting  one  of  the 
7  x  10-ft.  tube  mills  into  a  rod  mill.  Two-inch  rods  were  the 
initial  charge  with  2}^-in.  rods  as  replenishments.  The  present 
diameter  of  this  mill,  exclusive  of  blocking  and  lining,  is  4ft.  10  in. 
The  dished  ends  of  the  original  tube  mill  appear  to  be  a  distinct 
advantage  in  the  rod  mill  as  the  rods  in  cascading  and  falling 
never  touch  the  ends  of  the  mill  thereby  effecting  a  saving  in 
end  liner  renewals.  One  operator  per  shift  attends  all  the  fine 
grinding  operation  of  18  mills.  The  Dorr  classifier  overflow, 
20  per  cent  solids,  is  laundered  direct  to  the  flotation  plants, 
consisting  of  six  14  cell  M.S.  standard  machines.  The 
cost  of  fine  grinding  is  approximately  12  cents  per  ton. 
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Flotation. 

When  the  new  Britannia  mill  was  designed  Hancock  jigs 
were  installed  to  remove  a  portion  of  the  copper  as  a  coarse  con- 
centrate ahead  of  the  fine  grinding  mills.  This  had  been  the 
practice  in  the  old  mill,  destroyed  by  fire.  It  was  presumed  that 
the  removal  of  a  coarse  concentrate  would  relieve  the  grinding 
machinery  and  lighten  the  burden  on  the  floatation  plant.  The 
jigs  were  operated  for  two  months  and  then  cut  out  entirely. 
It  was  found  that  the  flotation  plant  alone  would  make  a  satis- 
factory recovery,  but  the  grade  of  concentrate  was  too  low, 
due  to  the  flotation  of  the  iron  pyrite  along  with  the 
chalcopyrite. 

About  this  time  a  miscroscopic  study  was  made  of  the 
polished  surfaces  of  various  Britannia  ores  to  determine  wheth- 
er the  minerals  iron  pyrite  and  chalcopyrite  occurred  in  inti- 
mate combinations,  or  whether  they  could  be  ground  free  from 
each  other.  (*) 

The  conclusions  arrived  at  from  the  microscopic  study 
indicated  that  the  pyrite  was  the  earlier  mineral.  It  was  also 
evident  that  the  minerals  could  be  ground  reasonably  free  from 
each  other  without  resorting  to  extremely  fine  grinding.  After 
the  microscopic  studies,  sorting  tests  were  conducted  on  certain 
sizes  for  the  selection  of  reasonably  pure  grains  of  iron  pyrite 
and  chalcopyrite.  Determinations  indicated  that  the  minerals 
possessed  a  reasonable  degree  of  purity  and  further,  that  the 
iron  pyrite  could  be  discarded  without  any  appreciable  loss 
of  copper.  The  next  problem  was  that  of  working  out  the 
application  of  a  process  in  the  mill  that  would  eliminate  the 
iron  and  float  only  the  copper-bearing  mineral. 

The  addition  of  re-agents  to  an  ore  pulp  for  the  specific 
purpose  of  eliminating  iron  pyrites,  in  the  art  of  flotation,  has 
only  been  practised  commercially  for  a  period  of  about  two 
years.  It  is  therefore  comparatively  new  although  it  has 
been  observed  by  metallurgists,  as  far  back  as  1913,  (2)  that 
when  certain  alkalies  were  added  to  an  ore  pulp  that  iron 
pyrite  was  delayed  in  floating.  It  was  also  observed,  in  the 
latter  part  of  1913,  that  the  addition  of  a  small  quantity  of 
copper  sulphate  to  a  neutral  or  slightly  acid  pulp  appeared  to 


(1)  Geological  notes — Dr.  Shofield,  Vancouver,  B.C. 

(2)  Flotation  notes— O.  Wiser,  Metallurgist,  B.  M.  &  S.  Co.  Ltd. 
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promote  the  llotation  of  zinc  and  copper  pyrite  and  lessen  the 
ilotation  of  iron  pyrite.  According  to  the  earliest  information, 
in  my  possession,  copper  sulphate  as  a  flotation  reagent  was 
first  used  in  the  United  States  at  the  Mascott  mines  of  the 
American  Zinc  Co.,  Tennessee,  in  1913.  The  Mascott  ores 
contained  no  iron  pyrite,  and  the  copper  sulphate  was  added 
only  for  the  purpose  of  promoting  the  flotation  of  zinc  sulphides. 

Early  in  1914  copper  sulphate  was  used  at  the  Butte 
Superior  mill  in  Butte,  Mont.,  to  assist  in  floating  the  zinc 
sulphides.  The  ores  contained  considerable  iron  pyrite  and 
the  metallurgist  in  charge  soon  observed  that  the  iron  pyrite 
which  previously  had  floated  was  being  dropped  from  an  ore 
pulp  slightly  acid  containing  copper  sulphate. 

In  1915  a  metallurgist  in  the  employ  of  the  New  Jersey 
Zinc  Co.,  found  that  he  could  use  hydrated  lime  in  the  place 
of  copper  sulphate  to  promote  the  flotation  of  zinc.  In  exper- 
imenting on  some  ores  in  West  Virginia  he  used  water  from  an 
old  coal  mine  which  contained  appreciable  quantities  of  SO, 
in  solution.  The  zinc  would  not  float  but  the  iron  would. 
Upon  the  addition  of  lime  to  neutralize  the  S02  he  found  that 
conditions  were  reversed,  the  zinc  floating  and  the  iron  pyrite 
refusing  to  float.  Such  is  the  early  history  of  these  observa- 
tions. 

In  1921  the  Ducktown  sulphur  and  Copper  Co.,  of  Duck- 
town,  Tennessee  began  to  use  lime  to  eliminate  iron  pyrite  on 
a  commercial  scale.  They  use  6  lbs.  of  lime  per  ton  of  ore 
and  get  rid  of  about  80  per  cent  of  the  iron  pyrite. 

A  little  later  the  Tennessee  Copper  Co.,  began  the  use  of 
Portland  cement  (6  lbs.  per  ton  of  ore)  for  the  purpose  of  elim- 
inating the  iron  pyrite.  No  doubt  the  lime  in  the  cement  is 
the  active  agent  in  this  case. 

I  quote  the  foregoing,  only,  as  being  the  first  instances,  to 
my  knowledge,  of  selective  flotation  on  copper  ores  on  a 
commercial  scale.  Some  experimental  work  was  done  at  Anyox 
in  1921  using  lime.  Several  plants  in  the  United  States  are 
now  using  lime  to  dull  the  iron  pyrite;  therefore,  it  has  ceased 
to  be  a  novelty  and  it  is  now  the  metallurgists  duty  to  work 
out  and  apply  these  principles  to  the  ore  to  be  treated. 
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Laboratory  experiments  at  Britannia  indicated  that 
copper  sulphate  was  better  than  lime  for  the  purpose  of  dropping 
the  iron  pyrite,  but  we  could  not  get  delivery  of  copper  sulphate, 
excepting  from  the  eastern  seaboard  at  a  high  cost. 

A  little  difficulty  was  experienced  at  Britannia  in  working 
out  the  application  of  lime.  Our  circuit  was  normally  acid. 
When  we  added  lime  to  get  an  alkaline  circuit  the  copper  mineral 
was  slow  in  floating  and  our  fourteen-cell  roughers  did  not 
allow  ample  time  to  make  a  final  tailing. 

It  was  only  when  we  began  the  addition  of  sodium  resinate, 
an  alkaline  frothing  compound,  that  we  were  able  to  make  a 
satisfactory  tailing  from  fourteen-cell  roughers. 

Sodium  resinate  must  be  used  with  considerable  caution. 
It  is  especially  applicable  to  Britannia  ores  on  account  of  their 
extremely  silicious  character,  but  it  could  not  be  used  on  ores 
containing  much  kaolinized  material. 

The  research  department  of  the  Britannia  mill,  is  doing 
considerable  work  in  attempting  to  unravel  the  chemistry  of 
why  iron  pyrite  is  dropped  when  certain  agents  are  added 
and  we  are  beginning  to  get  a  little  light  on  the  subject. 
We  are  also  working  on  a  scheme  that  gives  promise  of 
dropping  iron  pyrite  in  neutral  and  slightly  acid  circuits, 
as  effectively  as  lime  for  about  one  fourth  the   cost. 

At  present  we  are  adding  hydrated  lime,  by  a  slow 
travelling  belt  feeder,  to  a  stream  of  water  and  thence  through 
pipelines  to  the  feed  entering  each  of  the  pebble  and  ball 
mills,  as  the  element  of  time  appears  to  be  necessary,  and 
gives  better  results  than  when  the  lime  is  added  directly 
ahead  of  the  flotation  machines. 

Titration  of  the  water  in  the  mill  tailing  is  made  every  two 
hours  to  secure  adjustment  for  any  change  in  the  ore  that  may 
require  more  or  less  lime.  We  aim  to  maintain  the  available 
lime  in  the  tailing  at  approximately  0.4  to  0.6  pounds  of  lime, 
as  CaO,  per  ton  of  ore  being  milled. 

Since  starting  operations  with  the  new  mill  the  grade  of 
concentrate  has  been  more  than  doubled  through   selective 
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flotation.  Iron  pyrite  is  eliminated  or  recovered  at  will. 
One  pound  of  a  mixture  of  coal-tar,  creosote,  and  pine-oil  and 
lime  used  at  the  rate  of  two  pounds  per  ton  ore,  is  used  to 
accomplish  these  results.  Sodium  resinate  in  minute  quantities 
is  also  used  and  possesses  a  great  deal  of  merit  in  lowering  the 
loss  of  copper  in  the  tailing. 

Our  flotation  plants  were  installed  for  roughing  only. 
Changing  the  process  from  an  acid  to  an  alkaline  circuit  resulted 
in  the  production  of  much  colloidal  matter  in  the  flotation  con- 
centrate. A  part  of  the  rougher  system  is  now  used  in  cleaning 
the  rougher  concentrates,  raising  the  grade  of  concentrate 
over  4  per  cent,  and  at  the  same  time  clarifying  filtering 
difficulties.  We  add  a  minute  quantity  of  S02  at  the  head  of 
the  cleaner,  (as  per  laboratory  tests  in  June),  to  drop  out  the 
colloidal  insolubles.  In  the  filter  operation,  the  S02  seems  to 
prevent  the  formation  of  lime  carbonate  that  would  seal  the 
pores  of  filter  cloth. 

Concentrate  Handling. 

The  flotation  concentrate  is  thickened  to  proper  consistency 
in  three  40-ft.  two  tray  Dorr  tanks  and  pumped,  by  Dorrco 
pumps  to  two  8-ft.  six-disc  American  filters.  The  flotation 
concentrate  tonnage  has  been  halved  by  selective  flotation 
and  a  part  of  one  filter  now  takes  care  of  our  product. 

Before  selective  flotation  was  adopted  we  used  the  scraper 
and  roller  method  for  removing  filter  cake  but  the  most  econ- 
omical practice  was  found  in,  a  Jap,  beating  the  cloth  after  in- 
flation. As  much  as  480  tons  daily,  due  to  the  inclusion  of 
the  hard  granular  pyrites,  was  easily  filtered  with  one  machine 
to  9  per  cent  moisture. 

Now  that  practically  all  pyrite  is  discarded  and  a  rather 
stickier  cake  produced  we  will  no  doubt  find  it  advantageous 
to  again  use  the  roller  method  of  cake  removal. 

The  filter  delivers  the  cake  to  a  16-in.  conveyor  belt  one 
quarter  mile  in  length  which  conveys  it  to  a  ten  thousand 
ton  storage  bin.  A  weightometer  is  installed  with  the  belt, 
giving  an  accurate  daily  record  of  concentrate  tonnage.  Ship- 
ments are  also  weighed  by  Merrick  scales  in  the  process  of 
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loading.  On  the  arrival  of  steamers,  every  ten  days  or  so,  a 
five  ton  gantry  crane  loads  to  an  apron  feeder  distributing 
evenly  on  a  24-in.  conveyor  with  hinged  boom  for  tide  variations, 
and  discharging  into  the  steamers  hold.  The  cost  of  bunkering 
and  loading  Britannia  concentrate  in  former  years  was  26  cents 
per  ton  whereas  the  cost  now  is  under  4  cents  per  ton. 

Operating  Results. 

The  costs  of  coarse  crushing,  secondary  crushing,  final 
grinding  and  flotation  as  stated,  total  approximately  38  cents. 
The  cost  of  miscellaneous  items  including  general  expense. 
Workmen's  Compensation  Act,  but  exclusive  of  M.  S.  royalty, 
is  15  cents  which  makes  a  total  direct  milling  cost  of  about 
50  cents  per  ton  of  ore  treated.  A  reduction  of  21  cents 
per  ton  of  ore  treated  has  been  made  in  milling  costs  since  the 
first  month  of  normal  operations.  Our  mill  running  time 
for  the  past  five  months  has  been  over  99  per  cent.  The  per- 
centage of  copper  recovery  is  over  93.  While  we  are  justly 
proud  of  these  results,  we  are  not  satisfied  if  there  is  room 
for  an  even  higher  recovery  and  a  further  reduction  in  milling 
costs. 


NOTES  ON  ANYOX   MINING  AND 
METALLURGICAL   PRACTICE. 

By  L.  R.  CLAPP.  * 

(General  Meeting,  British  Columbian  Division,  Trail,  October,  1923.) 

At  Anyox,  the  Granby  company  is  mining  and  smelting 
directly  in  blast  furnaces,  about  3,000  tons  a  day  of  a  heavy 
pyritic  copper  ore,  which  carries  perhaps  2  per  cent  of  copper, 
and  30  to  50  cents  per  ton  in  gold  and  silver.  To  carry  on 
these  essential  operations,  it  also  operates  a  water  power 
plant  of  about  10,000  k.w.  capacity  with  a  5,000-k.w.  auxiliary 
steam  plant;  it  produces  about  60,000  tons  of  coke  annually 
from  by-product  coke  ovens,  from  which  it  also  obtains  and 
sells  yearly  about  2,000,000  pounds  of  ammonia  and  ammonia 
salts,  500,000  gallons  of  tar,  and  160,000  gallons  of  motor 
benzol.  It  operates  an  electric  railway  handling  about  6,000 
ton  miles  of  material  each  day;  it  has  a  well  equipped  iron 
and  brass  foundry,  extensive  blacksmith,  machine,  boiler,  car 
repair,  and  carpenter  shops,  and  a  fully  equipped  saw-mill, 
and  it  owns  and  administers  the  affairs  of  a  modern  industrial 
town  of  about  2,500  inhabitants,  including  the  operation  of  a 
department  store  doing  a  business  of  about  $700,000.  a  year. 

Anyox  is  situated  at  the  mouth  of  Hidden  Creek  on 
Granby  bay,  an  excellent  deep  water  harbour  at  the  head  of 
Observatory  Inlet,  about  90  miles  north  from  Prince  Rupert 
and  600  from  Vancouver,  and  is  accessible  to  the  outside  world 
only  by  boat.  Its  location  on  tidewater  has  made  the  tran- 
sportation of  supplies  and  blister  copper,  cheap  but  slow;  and 
its  isolation  has  made  for  a  stability  of  labour  conditions  that 
is  important,  but  at  the  same  time,  has  necessitated  the  carry- 
ing of  exceedingly  heavy  supply  stocks  to  avoid  disastrous 
delays.  The  unfavourable  climate,  with  excessive  rain  and 
snow,  has  induced  the  company,  particularly  in  the  earlier 
years  of  the  plant,  to  go  to  unusual  lengths  in  comfortably 
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housing  and  adequately  amusing  its  employees.    As  a  result 
Anyox  is  an  exceptionally  comfortable  town. 

The  smelter,  coke  plant,  power  plants  and  shops  are  all 
located  at  the  beach,  and  the  mine  is  perhaps  a  mile  and  a 
half  further  inland,  at  an  elevation  of  about  400  feet  above 
sea  level. 

Geology. 

The  orebodies  at  Anyox  are  found  in,   and  near,   the 
contact  of  a  crumpled  and  partly  metamorphosed  series  of 
shales,  known  as  the  argillites,  and  an  intrusive  greenstone. 
These  rocks,  according  to  Dolmage,  are  both  remnants  of  a 
complex  series  belonging  to  the  Lower  Jurassic,  since  surrounded 
by  the  granitics  of  the  Coast  Range  Batholith,  from  which  it  is 
supposed  the  mineralizing    solutions    have    originated.     The 
argillites  are  found  in  a  roughly  pear  shaped  area  about  ten 
miles  long  and  perhaps  six  wide,  approximately  centred  upon 
Anyox,  and  contain  quartz,  biotite,  sericite,  with  small  amounts 
of  pyrite,  pyrrhotite  and  carbonaceous  matter,  and  occasional 
beds  of  sandstone  and  limestone.    Near  the  contact  they  are 
metamorphosed  and  in  places  completely  silicified,  merging 
into  the  equally  silicified  greenstone  without  definite  contact. 
The  greenstone  lies  to  the  west  of  this  area  and  extends  across 
the  mountains  to  Portland  Canal,  perhaps  eight  miles  away, 
and  is  regarded  as  younger  than  the  argillites,  and  intrusive 
in  them.    The  contact  between  the  two,  while  irregular,  has  a 
general  north  and  south  trend  and  is  exceedingly  irregular  as 
to  dip. 

The  Hidden  Creek  deposits  are  of  two  classes:  the  first 
consists  of  a  series  of  irregular  lenses  of  heavy  pyrite,  with 
some  copper,  lying  at  a  contact  of  the  intrusive  greenstone  and 
the  argillites,  at  a  point  where  the  contact  sweeps  around  in 
a  horseshoe  shaped  embayment  of  the  greenstone.  These 
lenses  were  probably  formed  by  solutions  ascending  along  the 
contact  and  impounded  under  the  overhanging  curls  in  the 
argillite  foot-wall,  where  a  laccolithic  spur  of  the  greenstone 
has  penetrated  into  the  older  rock.  In  general  shape,  they 
are  not  unlike  pollywogs,  with  the  head  pointed  upwards 
against  the  overhanging  argillite  roof,  and  the  tail  stringing 
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off  down  the  contact  and  feathering  out  into  small  isolated 
patches  of  ore. 

The  cores  of  these  lenses  are  usually  of  higher  grade 
than  the  outside  portion.  An  ideal  cross-section  would  show 
an  envelope  of  silica  surrounded  by  a  varying  band  of  low 
grade  pyrite,  and  in  the  centre,  a  core  of  higher  grade  pyrite 
and  chalcopyrite  mixture.  So  marked  is  this  feature,  that  at 
least  two  very  large  bodies  of  sulphide  have  been  encountered 
in  which  the  core  of  commercial  copper  ore  has  been  so  small 
as  to  be  hardly  mineable,  although  the  bodies  themselves 
contain  several  million  tons. 

The  second  type  of  deposit  consists  of  chalcopyrite  and 
pyrrhotite,  occupying  the  joint  planes,  and  impregnating  the 
rock,  in  sheer  zones  in  the  greenstone.  Those  which  have 
been  so  far  uncovered  lie  close  to  the  contact  and  have  perhaps 
been  formed  under  an  impounding  roof  curtain  of  the  argillites, 
which  has  since  been  eroded  away.  In  the  upper  portions, 
which  we  may  imagine  lay  close  to  this  argillite  roof  curtain, 
the  country  rock  has  been  considerably  silicified,  and  this 
silicification  gradually  disappears  as  we  descend  from  the 
surface. 

In  both  types  of  deposit  silicification  has  apparently 
preceded  ore  deposition. 

Cutting  all  the  rocks  of  the  district,  and  also  the  orebodies, 
are  innumerable  dykes  of  every  variety  from  ultra  basic  to 
quartz  porphyry.  Some  are  hundreds  of  feet  wide.  In  the 
vicinity  of  the  orebodies  over  one  hundred  dykes  have  been 
identified  and  numbered.  The  enclosing  rocks  and  the  ore 
were  not  altered  where  they  pass  through  and  they  have  a 
marked  tendency  to  avoid  the  heavy  sulphide  ore  lenses. 
Some,  unfortunately,  do  cut  through  the  ore,  and  where  they 
are  large,  they  complicate  the  mining.  Dyke  rock  in  any 
amount  is  fatal  to  a  pyritic  blast  furnace. 

Orebodies. 

Nearly  15,000,000  tons  of  ore  has  been  developed  in  seven 
orebodies,  of  which  over  13,000,000  tons  have  an  average 
copper  content  of  2.14  per  cent.  The  gold  and  silver  values 
vary  from  about  12  cents  in  No.  3  orebody,  to  90  cents  per  ton 
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in  No.  5.  Chalcopyrite  is  the  only  copper  mineral  of  conse- 
quence. Zinc  blende  and  arsenopyrite  are  found  in  very  small 
amounts. 

Orebodies  Nos.  2  and  3  are  entirely  in  the  greenstone,  and 
appear  to  be  the  roots  of  orebodies  once  extending  to  the  old 
argillite  roof.  No.  3  is  a  continuation  of  No.  2,  a  premineral 
fault  separating  them.  They  form  a  thick  vertical  lens,  750 
feet  long,  240  feet  thick  and  with  a  known  depth  of  650  feet. 
The  original  depth  was  much  greater,  the  top  having  been 
eroded  away.  The  center  of  No.  2  lens  carries  more  sulphur 
and  lower  insoluble  than  the  outside  portions.  No.  6  ore- 
body  is  west  of  No.  1  near  the  contact,  but  has  the  general 
characteristics  of  Nos.  2  and  3,  being  marked  by  high  insoluble 
and  high  alumina. 

Orebodies  Nos.  1,  4  and  5  are  characterized  by  low  insol- 
uble and  high  sulphur.  The  Nos.  1,  4  and  5  zone  extends  for 
some  1,800  feet  along  the  southern  and  eastern  curved  margin 
in  the  greenstone.  Ore  is  found  in  it  900  feet  above  sea  level, 
and  500  feet  below.  The  zone  is  in  reality  an  overlapping 
succession,  both  vertically  and  horizontally,  of  lenses  of 
sulphide  ore,  filling  the  tucks  in  the  argillites.  Between  the 
lenses  are  ribs  of  varying  widths  of  silicified  argillite,  usually 
well  enough  mineralized  to  pass  as  ore.  No.  1  orebody,  as 
now  known,  is  made  up  of  no  less  than  eight  lenses,  and  in 
No.  5  there  are  three  known  lenses.  With  depth,  more  may 
be  expected.  The  individual  lenses  vary  greatly  in  volume, 
the  largest  containing  about  1,000,000  tons. 

No.  4  orebody  runs  low  in  copper  and  high  in  sulphur, 
and  the  ore  is  sold  for  making  sulphuric  acid.  It  lies  above 
the  bulge  of  the  greenstone,  so  has  an  easterly  dip,  whereas 
No.  5  is  below  No.  4  and  under  the  bulge,  and  has  a  westerly 
dip.    The  lenses  of  No.  1  orebody  wrap  the  bulge. 

The  Bonanza  orebody,  south  of  Anyox,  is  tabular,  with 
a  low  dip  to  the  north.  The  footwall  is  greenstone  —  amphi- 
bolite  —  and  the  hanging  wall  argillite.  The  greenstone  is 
part  of  a  projecting  mass,  smaller  than  that  to  the  north  but 
similar.  About  20  per  cent  of  the  volume  of  the  orebody  is 
dyke  rock  and  it  contains  some  500,000  tons  of  an  average 
grade  of  2.49  per  cent  copper,  including  dykes. 
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Prospecting. 

Only  three  of  the  seven  orebodies  so  far  developed  showed 
any  considerable  outcrop  on  the  surface.  The  others  have 
been  encountered  by  diamond  drilling  and  lie,  usually,  under 
an  overhanging  curtain  of  argillites.  Practically  all  the 
prospecting  for  new  ore,  and  also  the  laying-out  of  develop- 
ment work,  is  done  with  the  diamond  drill,  and  a  total  of 
27  miles  of  diamond-drill  cores  have  been  made  to  date.  The 
rock  conditions  are  very  favourable  for  this  type  of  work. 
Drilling  is  slow  on  account  of  the  extreme  hardness  of  the 
silicified  portions  of  the  orebodies,  but  coring  is  most  satisfactory 
and  it  is  very  seldom  that  100  per  cent  cores  for  the  footage 
drilled  is  not  obtainable.  The  work  is  all  done  on  contract  by  a 
firm  of  diamond  drill  men  from  Spokane,  and  overall  costs 
average  from  $2.00  to  $2.50  per  foot. 

Core  records  have  been  carefully  preserved,  and  when 
assays  are  made,  the  core  is  carefully  split  longitudinally,  — 
one-half  being  ground  up  for  assay  pulp,  and  the  other  half 
preserved  for  geological  record.  In  this  way  the  company 
possess  a  complete  and  easily  available  record  of  practically 
every  hole  that  has  been  drilled  on  the  property  since  the 
start.  The  assay  samples  are  divided  into  5  foot  intervals 
through  the  ore  zones,  and  the  assays  for  any  holes  checked 
against  a  composite  sample,  on  which  the  copper  is  determined 
electrolytically. 

It  has  been  our  experience  that  it  is  never  safe  to  assume 
that  a  diamond-drill  hole  will  run  in  the  direction  in  which 
it  has  been  started.  No  matter  whether  a  hole  is  vertical, 
flat,  or  inclined,  it  always  deviates  from  its  original  course 
by  an  amount  dependent  on  the  angle  with  the  rock  structure 
at  which  the  hole  is  drilled,  by  the  effect  of  gravity  on  the 
drill-rod,  the  presence  of  faults,  slips,  hard  patches,  etc.  We 
have  found  that  the  only  dependable  method  is  to  survey 
each  hole,  (usually  at  100- foot  intervals),  before  attempting 
to  plot  it  on  our  geological  maps.  For  this  we  use  a  small 
drill-hole  compass  floating  in  warm  gelatine  in  a  glass  tube 
and  attached  to  several  lengths  of  brass  drill-rod,  which  is 
lowered  to  the  desired  point  in  the  hole,  and  allowed  to  remain 
there  until  the  gelatine  cools  and  solidifies,  thus  fixing  the 


Anyox  Mining— Metallurgy — Clapp  333 

position  of  the  compass  needle.  The  inclination  of  a  hole  is 
taken,  at  the  same  time,  by  the  usual  hydrofluoric  acid  ring 
in  the  same  glass  tube. 

Recently  we  have  been  much  interested  in  the  possibilities 
of  electrical  prospecting  with  a  potentiometer.  This  device 
consists  of  a  delicate  galvanometer  and  two  or  more  electrodes 
with  suitable  lead  wires  by  means  of  which  the  conductivity 
of  a  rock  mass  may  be  measured  and  compared  with  that  of 
other  masses.  By  plotting  equipotential  curves  on  the  surface 
of  the  ground  it  is  claimed  to  be  possible  to  outline  an  orebody, 
particularly  one  with  heavy  metallic  mineralization,  even  when 
buried  under  several  hundred  feet  of  barren  overburden.  We 
tried  it  out  first  on  an  orebody  previously  outlined  by  the 
diamond-drill  and  obtained  surprisingly  accurate  results. 
Later  when  we  attempted  to  go  farther  afield,  we  found  that 
the  presence  of  dykes  so  affected  our  readings  as  to  render 
the  results  valueless.  Apparently  our  galvanometer  is  too 
delicate  and  some  means  will  have  to  be  found  to  damp  out 
the  influence  of  basic  intrusives,  but  the  method  may  prove 
of  considerable  value  on  some  orebodies  as  a  preliminary  to 
diamond-drill  work. 

Development. 

The  mine  has  been  opened  up  on  seven  levels,  varying 
from  100  feet  to  nearly  250  feet  apart  vertically.  These  all 
have  outlets  to  the  surface  except  the  two  lowermost. 
Originally  much  of  the  drifting  and  raising  was  prospective 
in  nature,  but  since  the  accumulation  of  the  large  amount 
of  diamond  drill  data,  the  location  and  direction  of  all  levels, 
drifts,  raises,  cross-cuts,  etc.,  is  determined  in  advance  on  the 
basis  of  the  geological  maps;  and  in  this  way  much  lost  motion 
is  avoided.  The  orebodies  vary  from  50  to  350  feet  in  width 
and  from  300  to  nearly  2,000  feet  in  length,  and  are  developed 
on  each  level  by  parallel  drifts,  perhaps  50  feet  apart,  which 
run  along  the  axis  of  the  orebody. 

The  main  haulage  levels  are  all  developed  on  36-inch  gauge 
track  and  are  equipped  with  the  familiar  Granby  automatic 
side  dump  type  cars  of  6  to  10  tons  capacity,  with  electric 
locomotive  haulage  and  complete  block  signal  system.    The 
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electric  railway  connecting  the  mine  with  the  smelter  is  also 
36-inch  gaugp. 

The  ore  is  all  hauled  out  the  level  at  385-foot  elevation 
and  passed  through  one  of  three,  30  by  42-inch  Farrell-Blake 
crushers,  which  are  mounted  at  the  surface,  with  large  under- 
ground storage  pockets  beneath  them  leading  down  to  the 
150- foot  level  below.  All  ore  from  below  the  385- foot  level  is 
hoisted  through  a  vertical  four-compartment  shaft,  or  winze, 
which  extends  from  the  530  level  to  below  the  130  level,  (all 
level  numbers  refer  to  elevations  above,  or  below,  sea  level) 
and  is  equipped  with  a  250-h.p.  double  drum  electric  hoist, 
operating  two  8  ton  skips  in  balance. 

Up  to  the  present  year  the  tonnage  hoisted  was  a  com- 
paratively small  part  of  the  total,  but  with  the  approaching 
exhaustion  of  the  upper  levels  of  the  orebodies,  we  are  almost 
completely  dependent  upon  the  shaft  for  our  tonnage  and  are 
now  installing  a  500-h.p.  double  drum  Vulcan  electric  hoist, 
with  all  the  latest  operating  and  control  devices,  to  insure 
better  continuity  of  operation,  leaving  the  smaller  hoist  to 
handle  the  cage  and  the  men.  The  skips,  which  will  be 
increased  to  10  ton  capacity  with  the  heavier  hoist,  are  served 
by  a  series  of  three  loading  pockets  leading  into  a  common 
chute  with  air-operated  finger  gates.  Below  the  150  level 
there  is  no  access  to  the  surface  and  the  levels  are  opened  with 
24-inch  gauge  track.  The  zero  level  has  about  one  and  one- 
quarter  million  tons  tributary  to  it  and  the  130  level,  about 
three-quarter  million.  Unless  diamond-drill  work  shall  uncover 
more  orebodies,  it  seems  improbable  that  further  development 
in  depth  will  be  done.  From  our  present  information,  the  ore 
fingers  out  into  scattered  bunches  in  the  slates  below  this 
horizon,  and  does  not  at  present  seem  profitable. 

Mining  Methods. 

Actual  mining  is  being  done  on  two  general  systems:  one, 
the  familiar  method  of  shrinkage  stoping  where,  in  a  given 
area,  the  stoping  is  carried  up  on  broken  ore,  drawing  out 
each  day  only  sufficient  to  permit  the  men  to  work,  until  the 
stope  is  completed  up  to  the  next  level.  There  are  two  points 
regarding  this  method  which  I  believe  are  peculiar  to  Anyox 
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practice;  one  is  the  size  of  the  stopes  which  have  been  carried 
on  this  system.  A  large  shrinkage  stope  in  No.  2  orebody  is 
approximately  350  feet  long  by  150  feet  wide  and  was  carried 
up  nearly  200  feet.  No  timbering  of  any  kind  was  used  in 
it,  and  there  was,  I  believe,  but  one  fatality  during  the  course 
of  its  operation.  The  other  point  in  connection  with  the 
method,  which,  I  believe,  is  peculiarly  Anyox  practice,  is  the 
system  of  bull-dozing  chambers  above  the  chutes.  In  all  our 
stoping  no  timbering  is  used  in  the  drifts  other  than  for  the 
chute  mouths.  We  leave  a  block  of  ore  over  the  drift,  from 
15  to  30  feet  thick,  before  actual  widening  out  of  the  chute 
raises  is  begun.  Between  each  two  chute  raises,  before  the 
stope  is  underway,  is  put  up  a  small  manway  raise,  perhaps 
20  feet  high,  with  two  small  crooked  drifts  leading  from  the 
top  of  it  to  the  two  chutes.  Here  chambers  are  cut  out  and 
used  for  block-holing  and  bull-dozing.  As  the  broken  ore  is 
drawn  down  in  the  chute,  the  large  boulders  are  uncovered 
in  this  chambers  and  can  be  reached  with  a  jack-hammer  and 
broken  up.  In  this  way  we  avoid  blasting  in  the  chutes 
themselves,  with  the  attendant  dangers  on  the  level,  and  the 
wear  and  tear  on  the  chute  timbering.  The  bull-dozing  drifts 
are  made  crooked  so  that  when  the  block-holer  has  spit  his 
fuse  in  one  chamber,  he  does  not  need  to  go  down  to  the  level 
but  can  move  over  into  the  other  one  until  his  blasts  have 
gone  off. 

The  bulk  of  the  mining  at  Anyox,  however,  has  been  done 
by  a  system  of  underground  glory-holing,  brought  to  the 
Granby  company  in  the  old  days  from  the  Michigan  iron 
country  by  the  Swanson  brothers,  who  modified  it  to  the 
local  Phoenix  conditions  and  improved  it.  This  work  was 
later  transferred  to  Anyox  by  Mr.  John  Swanson,  our  present 
superintendent,  and  has  there  been  perfected  by  him  until 
it  is  a  highly  economical  and  safe  method  of  mining  large, 
hard,  orebodies.  It  consists  essentially  of  spiral  raises  which 
are  started  off  from  the  top  of  the  chute  raises  and  swing 
around  on  a  grade  which  is  just  flat  enough  to  permit  a  man 
to  walk  up  the  trail.  When  complete,  this  first  raise  resembles 
nothing  so  much  as  the  impression  left  by  a  corkscrew,  with  a 
hollow  core  and  the  spiral  trail  left  around  the  outside  of  it 
from  the  bottom  to  the  top.    At  the  extremities  of  the  swings 
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ol  this  spiral  trail,  connections  are  made  to  manway  raises, 
driven  through  the  pillars  at  either  end  of  the  scope,  to  afford 
ventilation  and  easy  access  for  powder  and  steel.  Upon 
completion  of  the  first  spiral,  depending  on  the  nature  of  the 
ground,  either  a  second  spiral  is  started,  interlacing  the  first, 
or  the  first  spiral  is  gradually  enlarged,  breaking  always  to  the 
centre  and  benching  off  when  desirable,  the  shelves  between 
the  grooves  in  the  spiral.  The  stope  is  drawn  empty  each  day, 
and  the  fall  down  the  irregular  chute  acts,  to  a  considerable 
extent,  as  a  rock  crusher  for  the  large  slabs  which  are  broken 
off.  When  necessary,  a  rib  of  the  spiral  can  be  left  as  a  strut 
across  the  stope  to  support  some  heavy  ground,  and  this  is 
usually  drilled  and  later  some  means  found  to  reach  it  and 
blast  it  down. 

The  method  has  many  advantages;  among  which  should 
be  noted,  —  its  safety,  its  lack  of  timber,  and  its  easy  breakage. 
The  miner  is  always  working  under  an  overhanging  shelf  of 
rock  and  has  no  occasion  to  go  out  into  the  middle  of  the 
stope  where  he  might  be  hit  by  falling  ground.  Access  to  the 
manways  is  always  easy.  By  going  around  one  side  of  the 
stope  or  the  other  on  the  spiral  trail,  one  manway  or  the  other 
can  be  reached  very  quickly.  No  timber  whatever  is  used 
above  the  chute  mouth  except  for  the  ladders  and  skids  in 
the  manway.  Flexibility  of  the  method  is  another  point  in 
its  favour.  When  lean  ground  or  dyke  is  encountered,  it  can 
usually  be  left  as  a  pillar  and  taken  down  at  some  time  later 
after  the  ore  has  been  removed.  No  appreciable  amount  of 
money  is  tied  up  in  the  broken  ore  in  the  stope,  and  mining 
can  be  transferred  from  one  portion  of  the  stope  to  another, 
or  from  the  bottom  to  the  top,  to  change  the  grade  or  com- 
position of  the  ore  supply.  This  is  particularly  important  at 
Anyox  as  the  mine  is,  in  reality,  a  mixing  plant  for  the  furnaces 
and  the  control,  in  the  mine,  of  the  chemical  composition  of 
the  ore  is  absolutely  essential  for  successful  operation. 

Costs  of  this  method  for  1922  have  averaged  about  48 
cents  a  ton,  and  tons  per  miner's  shift  have  averaged  from 
150,  in  the  older  stopes  and  the  glory  holes,  to  20  in  newly 
opened  stope  raises. 

The  ore  is,  as  previously  stated,  extremely  hard  and 
breaks  in  large  slabby  masses.    A  great  deal  of  block-holing  is 
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necessary  and  indeed  the  secondary  breaking  is  nearly  as  large 
an  item  of  expense  as  the  primary.  These  are,  however,  both 
included  in  the  costs  given  above.  The  ore  is  drawn  through 
the  chutes  into  the  Granby  type  10  ton  cars  and  transported 
to  the  crusher  bins,  where,  with  a  certain  amount  of  further 
block-holing,  it  is  gotten  into  the  crushers  and  there  reduced 
to  about  10-inch  size. 

There  are  three  classes  of  ore  broken  in  the  mine:  No.  1 
ore,  being  heavy  sulphide,  is  by  far  the  heaviest  tonnage; 
the  greenstone  pyrrhotite  ore  is  second  in  amount;  and  the 
low  grade  siliceous  envelopes  surrounding  the  orebodies, 
which  is  used  to  some  extent  as  a  flux,  makes  up  the  total. 
Each  class  of  ore  is  kept  separate  through  the  crushers  and 
down  to  the  smelter.  Each  crusher  is  served  by  two  feed 
pockets,  and  has  under  it  two  discharge  pockets.  As  the 
ore  passes  through  the  crusher  there  is  an  automatic  sampler 
which  cuts  out  a  small  proportion  of  the  stream  and  deposits 
it  in  a  third  pocket.  In  this  way  lots  of  ore  are  kept  separate. 
The  crusher  man  will  draw  out  of  one  feed  pocket  until  it  is 
empty  and  hold  the  crushed  product  in  one  of  his  lower  pockets 
until  the  sample,  (which  usually  amounts  to  25  or  30  tons) 
is  taken  down  to  the  smelter,  crushed  and  analyzed;  then  the 
pocket  is  drawn  and  the  second  lot  made  up.  In  this  way  the 
smelter  has,  at  least  theoretically,  advance  information  as  to 
the  character  of  the  ore  which  it  is  receiving.  Delivery  to  the 
smelter  is  made  in  25-ton  hopper-bottom  cars,  hauled  by  42-ton 
electric  locomotives,  and  is  dumped  in  a  series  of  storage  bins, 
with  a  total  capacity  of  perhaps  4,000  tons.  From  these  the 
various  charges  are  made  up. 

The  mining  department,  in  addition  to  the  main  operations, 
also  runs  a  small  silica  quarry  from  which  a  certain  amount  of 
barren  quartz  is  mined,  for  use  in  the  final  converting  operation. 

Formerly  the  company  also  conducted  its  own  limestone 
quarry  at  Swamp  Point  on  Portland  Canal,  but  the  supply  of 
limestone  here  became  difficult  to  obtain  and  purchase  is  now 
made  from  the  Pacific  Lime  Company  in  Blubber  bay  and 
transported  to  the  plant  in  1,500  ton  scows. 

The  mine  is  served  by  four  air  compressors  erected  at 
the  beach,  with  a  mile  and  a  half  10-inch  air  line  connecting 
them.    One  of  these  compressors  is  a  3,500  cu.ft.  Nordberg, 
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direct  connected  to  a  Pel  ton  water-wheel  and  two  others  are 
inheritances  from  Phoenix;  one  of  5,000  cu.  ft.  and  the  other 
2,500  cu.  ft.,  both  operating  by  rope  drives  and  still  giving 
excellent  service  after  15  to  20  years  of  operation.  We  have 
recently  purchased  a  fourth  machine;  a  Chicago  Pneumatic 
Tool,  3,500  cu.  ft.,  direct  connected  to  a  synchronous  motor, 
partly  for  stand-by  service  and  partly  for  power  factor  correc- 
tion. A  great  deal  of  air  is  used,  not  only  for  drilling,  but  for 
small  hoists,  sharpening  machines,  chute  gates,  small  pumps, 
etc.,  through  the  mine;  and  while  under  ordinary  conditions, 
any  two  of  the  compressors  should  handle  the  load,  our  rather 
heavy  program  of  development  work  now  underway  has  made 
it  almost  imperative  to  supply  at  least  6,000  cubic  feet  of  air 
per  minute. 

Smelting. 

Semi-pyritic  smelting,  such  as  is  conducted  at  Anyox,  in 
contradistinction  to  standard  reduction  smelting,  is  strictly  an 
oxidation  process.  Chemically  it  is  identical  with  the  operations 
in  a  converter  when  matte  is  blown  up  to  blister;  although  it  is 
conducted  in  a  different  vessel,  and  continuously,  with  the 
duty  of  liquifying  the  charge  added  to  the  usual  one  of  oxidizing 
and  slagging  the  iron.  If  one  considers  the  heavy  sulphide 
ore  as  a  cold,  low  grade,  matte  and  the  remainder  of  the  charge 
as  a  siliceous  flux  for  slagging  the  iron,  with  the  coke  present 
only  to  drive  off  the  moisture  and  help  the  furnace  over  the 
rough  places,  one  will  have  a  clear  conception  of  the  fundamen- 
tals of  the  process.  The  chief  governing  factor  is  the  blast 
and  that  is  used  in  amounts  greatly  in  excess  of  the  require- 
ments of  reduction  smelting.  At  Anyox  between  26,000  and 
32,000  cu.  ft.  of  air  per  minute  is  pumped  through  each  furnace, 
or  the  equivalent  of  215  cu.  ft.  of  free  air  per  minute  per  sq.  ft. 
of  hearth  area.  Other  things  being  equal,  the  speed  of  the 
furnace  and  the  composition  of  the  slag  are  directly  dependent 
upon  the  amount  of  air  blown  through.  The  greater  the  air, 
the  more  iron  is  oxidized,  the  more  slag  is  formed,  the  more 
heat  is  generated  and  the  higher  grade  is  the  matte.  This  of 
course,  has  its  limitations  in  the  amount  of  air  that  can  be 
forced  through  the  ore  column  without  excessive  back  pressure; 
and  in  the  height  of  the  ore  column  necessary  to  absorb  the 
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heat  rising  from  the  zone  of  intense  reaction  above  the  tuyeres. 
Strangely  enough,  the  sulphur  in  the  ore  plays  very  little  part 
in  the  generation  of  the  heat.  The  greater  part  of  it  is  distilled 
off  in  the  upper  part  of  the  ore  column  and  burns  only  on 
reaching  the  top  and  coming  in  contact  with  the  outside  air. 
Even  that  which  is  carried  down  toward  the  focus  and  com- 
bines there  with  oxygen  is  immediately  robbed  in  its  ascent 
through  the  ore  column  by  the  incandescent  coke. 

Ideally,  a  cross-section  of  a  pyritic  furnace  in  operation 
will  show  a  column  of  incandescent  silica  fragments  over  which 
trickle  streams  of  molten  sulphide  exposed  to  the  scorifying 
action  of  the  high  velocity  blast,  which  oxidizes  the  iron  on  the 
surface  with  the  evolution  of  a  considerable  amount  of  heat. 
This  ferrous  oxide  immediately  combines  with  the  nearest 
silica,  with  a  further  generation  of  heat,  forming  slag  which 
drips  down  toward  the  hearth  picking  up  on  its  way  more 
silica,  or  lime,  depending  on  the  local  temperature.  The 
sulphide  continues  down,  losing  iron  continuously,  until  it 
drops  through  the  slot  in  the  jacket  crusts  above  the  tuyeres 
and  into  the  bath  below.  Its  copper  content  will  depend  upon 
how  much  air  was  blowing  through  the  channel  down  which  it 
passed,  and  the  amount  of  clean  quartz  it  encountered  on  the 
way.  The  thermal  balance  of  a  pyritic  furnace,  even,  under 
ideal  conditions,  will  show  only  a  small  excess  of  heat  over 
the  amount  necessary  to  drive  off  the  contained  moisture, 
decompose  the  limestone  and  melt  the  charge,  with  the  necessary 
losses  in  radiation,  jacket  water  and  stack  gases.  In  commer- 
cial operation,  the  introduction  of  any  unusual  amount  of  dyke 
rock  or  other  combined  silicates,  or  even  an  excessive  amount 
of  fines  in  the  ore,  will  completely  upset  the  balance  and  the 
furnace  will  freeze  up.  While  we  have  run  a  furnace  for 
periods  of  30  days  or  more  without  any  coke  whatever,  the 
operation  is  too  delicate  and  we  normally  add  from  4  to  6 
per  cent  of  coke  as  thermal  insurance. 

Smelting  at  Anyox  is  a  tonnage  proposition.  Each  of 
the  four  furnaces  under  proper  conditions  will  put  through 
about  800  tons  of  original  ore  each  24  hours,  and  matters  of 
metallurgical  refinement  in  the  way  of  close  balance  of  charges 
to  furnaces,  composition  of  slag,  etc.,  are  unknown.  A  furnace 
will  make  its  own  composition  of  slag,  depending  on  blast  and 
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temperature,  irrespective  of  the  furnaceman's  desires  in  the 
matter.  Any  portion  of  the  charge  which  it  cannot  utilize  in 
its  own  self-chosen  combination,  will  remain  behind  in  the 
furnace  as  a  crust.  Whenever  the  furnace  is  temporarily  out 
of  metallurgical  balance  some  crust  is  formed  and  as  it  is  not 
in  the  direct  path  of  the  descenting  sulphides,  there  is  nothing 
to  flux  it  out  and  it  remains  and  grows.  Eventually  it  will 
close  a  furnace  down.  It  can  be  fluxed  out  by  the  addition 
of  large  amounts  of  coke  and  limestone  but  we  find  it  cheaper 
to  shut  the  furnace  down,  dig  it  out,  and  start  over  again. 
By  long  practice  our  furnace  crews  have  reached  that  stage 
of  perfection  where  they  can  blow  out  a  furnace,  dig  it,  repair 
jackets,  reassemble  and  have  a  charge  on  it  again  in  24  hours. 
A  furnace  campaign  lasts  from  10  to  40  days  and  no  attempt 
is  made  to  prolong  its  life  after  the  tonnage  begins  to  fall. 
Any  furnace  which  fails  to  smelt  600  tons  of  new  ore  in  24 
hours  is,  to  use  a  furnace-man's  expression,  given  the  hose; 
i.e.  tapped  out  and  the  hose  turned  on  it  to  chill  and  crack  up 
the  crust  and  facilitate  digging. 

The  ore  is  drawn  out  of  the  railroad  bins  in  the  usual 
Granby  type  cars  in  proportions  of  say  six  parts  of  heavy 
sulphide  ore,  to  two  parts  pyrrhotite  greenstone  ore,  and  one 
of  siliceous  envelope.  To  this  is  added  about  5  per  cent  of 
dry  coke  and  a  small  amount  of  limestone,  and  dumped  into 
charging  hoppers  on  both  sides  of  the  furnaces.  From  here 
it  is  fed  into  the  furnaces,  as  need  arises,  by  an  air  actuated 
ram  which  pushes  the  ore  gently,  or  violently,  as  the  circum- 
stances demand,  over  the  edge  and  into  the  shaft.  Furnaces 
are  not  charged  at  any  set  times,  but  the  ore  is  fed  at  various 
points  as  the  surface  of  the  ore  column  indicates,  and  the 
need  for  blocking  up  blow-holes,  etc.,  develops.  Unlike 
reduction  plants,  the  furnaces  run  with  very  hot  tops,  with  a 
swirling  flame  of  burning  sulphur  and  decrepitating  particles 
of  pyrite  dust  covering  the  ore  column. 

Matte  and  slag  are  drawn  off  continuously  through  a 
jacketed  spout  into  a  series  of  forehearths  or  settlers,  the 
final  slag  overflow  being  granulated  at  the  spout  and  washed 
out  to  the  dump  in  slag  lined  launders.  From  these  settlers 
matte  is  tapped  intermittently  into  cast  steel  ladles  and 
delivered  by  the  crane  to  a  battery  of  five  converters;  two 
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20-foot  Great  Falls  type  and  three  of  the  smaller  12-foot  style, 
all  made  by  the  Traylor  Company.  These  converters  are  all 
basic  lined  and  flux  is  added  from  time  to  time  as  condition 
of  the  blow  indicates.  Recently  we  have  been  experimenting 
with  roller  or  plunger  flux  feeders  so  designed  that  they  will 
feed  a  small  stream  of  flux  continuously  through  the  mouth 
of  the  converter  during  the  blow,  in  this  way  avoiding  dangers 
of  matte  explosions  from  the  introduction  of  wet  flux,  and 
insuring  a  more  continuous  operation.  These  have  been 
eminently  successful  metallurgically.  The  only  difficulty  we 
have  encountered  has  been  of  a  mechanical  nature,  with  the 
ironwork  of  the  feeders  exposed  to  the  heat  and  gasses  above 
the  mouths  of  the  converters.  This,  I  believe,  we  can  over- 
come, but  in  any  event,  the  advantages  of  the  method  are 
sufficient  to  compensate  for  any  maintenance  difficulties. 

The  furnace  matte  will  run  approximately  15  per  cent 
copper,  —  which  is  extremely  low  from  a  reduction  smelting 
point  of  view,  —  but  is  economical  for  our  particular  condi- 
tions. By  the  addition  of  a  cleaner  siliceous  ore  in  the  blast 
furnaces,  and  by  higher  blast  pressure,  and  a  higher  ore 
column,  we  would  be  able  perhaps  to  approach  Mr.  Sticts' 
record  in  Tasmania,  where  he  was  able  to  produce  a  45  per  cent 
matte  with  a  clean  pyritic  ore  and  highly  siliceous  flux,  but 
our  Hidden  Creek  silica  contains  a  considerable  quantity  of 
combined  silicates  which  furnish  no  heat  of  reaction,  but  on 
the  contrary  absorb  heat  from  the  charge  and  make  a  sticky, 
viscous  slag,  and  we  cannot  obtain  the  pressure  necessary  to 
increase  the  oxidation  without  scrapping  our  blower  equipment. 
A  small  part  of  the  matte  we  break  up  and  send  through  the 
furnaces  again  and  we  believe  that  it  acts  as  a  lubricant  and 
equalizer  to  the  charge.  The  greater  bulk  of  it,  however,  we 
send  directly  to  the  converters  as  we  find  that  regrading  in  a 
converter  is  cheaper  than  regrading  from  the  blast  furnace. 
We  bring  the  grade  of  the  matte  from  15  to  perhaps  35  per  cent 
in  the  two  large  20-foot  converters,  and  then  transfer  to  the 
12-foot  converter  for  the  finishing  blow.  We  finally  pour  an 
excellent  blister  of  from  99.00  to  99.10  per  cent  copper. 

Our  fluxing  practice  in  the  converting  operation  is  worthy 
of  note.  We  have  found  that  by  the  addition  to  the  bath  of 
certain  minerals  of  the  ferro-magnesium  group,  as  occur  in 
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some  of  our  greenstone  ores,  we  form  artificial  spinels,  oxides 
oi  magnesium,  manganese,  zinc,  iron  and  aluminium;  a  sticky, 
partly  fused  mass  which  adheres  to  the  magnesite  brick  lining 
of  the  converters  and  forms  a  non-corrosive  coating  therefor, 
greatly  prolonging  its  life.  Further,  the  formation  of  these 
spinels  in  the  bath  absorbs  considerable  heat,  holding  the 
temperature  down  to  a  reasonable  point  while  permitting  long 
continuous  blows  even  with  our  high  iron  mattes.  If  we 
should  add  a  straight  quartz  flux  to  our  first  stage  operation, 
we  would  burn  out  our  lining  in  very  short  order  and  raise 
our  bath  to  such  a  temperature  that  the  converter  would  have 
to  be  turned  down  from  time  to  time  to  allow  it  to  cool.  As 
it  is,  we  can  blow  a  15  per  cent  matte  continuously  without 
danger  of  overheating  or  excessive  corrosion. 

Our  converter  slag,  contrary  to  usual  practice,  we  pour 
back  into  the  blast  furnace  settlers.  We  have  found  that  if 
we  do  this  just  after  the  matte  has  been  tapped,  and  before 
the  settler  has  filled  again,  there  is  sufficient  time  for  the 
low  grade  matte  to  react  with  the  slag  and  clean  out  the  prills 
and  shots  of  the  copper  almost  completely  before  the  overflow 
again  starts.  Test  runs,  over  several  months  time,  have 
shown  less  than  0.01  per  cent  difference  in  our  slag  copper 
assay  when  pouring  converter  slag,  as  compared  with  furnace 
slag  alone.  There  is  no  doubt  that  the  large  settling  area, 
high  temperature  of  the  matte,  and  its  low  copper  content, 
all  contribute  to  making  this  operation  possible.  It  is  a  very 
convenient  solution  to  a  usually  difficult  problem.  A  small 
part  of  the  converter  slag  we  granulate  and  use  as  a  binder 
in  our  flue  dust  sintering  operations.  For  this  it  works 
excellently,  giving  enough  porosity  to  the  bed  to  permit  the 
blast  to  pass  and  serving  as  a  very  good  glue  to  hold  the 
sintered  mass  together. 

Breast  jackets,  matte  tapping  blocks  for  the  settlers,  and 
moulds  for  the  blister  copper  casting  machine,  are  all  poured 
in  the  converter  room  from  our  own  blister,  with  the  addition 
of  a  small  amount  of  manganese  or  phosphorous,  as  a  scavenger. 
Furnace  jackets,  bustle-pipes,  tuyeres,  spouts  and  charging 
rams  are  all  made  in  our  own  shops. 

Last  year  we  treated  876,000  tons  of  ore  containing 
34,500,000  pounds  of  copper,  and  produced  29,280,000  pound? 
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of  blister  at  a  total  smelting  and  converting  cost  of  $2.10  per 
ton,  or  6.04  cents  per  pound  of  copper. 

We  produce  about  one  hundred  tons  a  day  of  flue-dust 
which  we  catch  in  one  of  the  ordinary  old-fashioned  rectangular 
flue  chambers  with  the  usual  hopper  bottoms,  and  we  are 
sintering  this  on  a  standard  Dwight-Lloyd  machine,  mixed 
with  10  to  15  per  cent  of  granulated  converter  slag,  to  act 
as  a  porous  binder.  We  have  a  considerable  loss  of  flue-dust 
through  the  stack,  and  have  considered  various  methods  of 
recovering  it.  The  installation  of  a  Cottrell  apparatus  is  not 
justified  with  our  low  grade  material  and  until  we  approach 
the  smelting  of  concentrate  the  economics  of  the  situation 
hold  us  to  our  present  practice. 


Concentrator. 

Anyox  was  originally  opened  on  the  metallurgical  hypo- 
thesis that  there  were  approximately  equal  quantities  of  the 
heavy  pyrite  and  the  greenstone  orebodies  and  that  these 
were  supplements  of  each  other,  so  that  when  mixed  with  the 
proper  quantity  of  coke  and  a  little  limestone,  they  would 
smelt  economically  in  the  proportions  in  which  they  were 
found.  Unfortunately,  this  did  not  prove  to  be  the  case  in 
actual  practice.  Much  of  the  silica  in  both  ores  was  found 
to  be  already  combined  with  the  alkalies,  the  alkaline  earths, 
and  alumina  and  was  not  available  in  the  furnace  for  the 
purpose  of  slagging  the  iron.  Further,  the  unavoidable  inclu- 
sion of  dyke  material  and  the  gradual  disappearance  of  the 
free  silica  in  the  greenstone  ore,  as  the  mine  grew  deeper, 
made  matters  worse  until  it  was  not  possible  to  get  even  a 
fair  pyritic  effect  and  it  became  necessary  to  use  considerable 
limestone  and  even  barren  quartz  to  keep  the  furnaces  in 
operation.  This  made  smelting  operations  expensive  and  it 
was  not  until  the  proportion  of  the  greenstone  orebodies  was 
cut  down  and  replaced  by  some  of  the  low  grade  siliceous 
envelope  of  the  pyritic  orebodies,  that  cheap  copper  began 
to  be  made.  This,  however,  introduced  the  complication  that 
the  heavy  pyrite  orebodies  were  being  used  up  very  much 
faster   than   the   greenstone   orebodies   and   would    soon   be 
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exhausted,  leaving  untreated  several  million  tons  of  greenstone 
ores  which  were  by  themselves  economically  unsmeleable. 

Experimental  work  was  undertaken  with  the  idea  of 
concentrating  the  greenstone  ore  to  eliminate  the  undesirable 
silicate  gangue.    A  typical  analysis  of  this  material  will  show: 

Cu:     Insol:     Si02:    Fe:    CaO:    S:    A1,03:     MgO: 


Per  cent  1.85    42.25        35        24        4       16         9  5 

Obviously  a  concentration  operation  that  would  remove  only 
the  silicate  minerals  would  not  be  sufficient  as  the  cost  of 
grinding,  plus  the  added  smelting  cost  of  the  ground  material, 
would  more  than  offset  the  slightly  smaller  tonnage  smelted. 
Much  of  the  iron  in  the  ore  was  in  the  form  of  pyrrhotite  and, 
after  some  work,  a  method  of  differential  flotation  was  worked 
out  whereby  pyrrhotite,  which  contained  no  valuable  minerals, 
could  be  discarded  with  the  silicates  and  we  could  expect  a 
concentration  of  this  ore  on  something  like  8  to  1,  with  a  fair 
recovery. 

A  pilot  mill  was  erected  at  Anyox  and  some  40,000  or 
50,000  tons  of  ore  was  concentrated,  definitely  proving  the 
possibilities  of  this  method  on  a  commercial  scale.  On  the 
basis  of  these  results,  preliminary  design  of  1,000  ton  mill 
unit  was  undertaken.  Later  we  sent  some  laboratory  samples 
to  our  friends  of  the  Consolidated  Mining  &  Smelting  Company 
at  Trail  and  they  were  able,  by  the  use  of  different  reagents, 
to  discard  not  only  the  pyrrhotite  in  the  ore,  but  the  pyrite 
as  well,  and  to  make  a  high  grade  chalcopyrite  concentrate 
that  would  be  cheap  and  economical  to  smelt,  owing  to  its 
relatively  small  bulk.  If  this  is  possible,  it  is  conceivable 
that  we  might  be  able  to  take,  not  only  our  greenstone  ores, 
but  even  our  heavy  sulphides,  and  instead  of  putting  them 
through  the  blast  furnace,  send  them  to  the  concentrating  mill 
and  make  perhaps  a  20  per  cent  concentrate,  with  a  loss  of 
not  over  4  or  5  pounds  of  copper  per  ton. 

If  there  were  tonnage  enough  to  justify  the  installation, 
and  if  the  subsequent  smelting  of  the  concentrates  would  not 
prove  too  expensive,  our  present  system  of  direct  smelting 
would  then  be  obsolete,  and  Anyox  would  become  a  camp  of 
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concentrating  mills  and  reverberatory  furnaces.  Unfortunately, 
the  problem  is  not  so  simple.  Our  present  known  tonnage 
will  hardly  justify  the  cost  of  a  reverberatory  plant  and  we 
have  a  number  of  custom  ore  shippers  whose  product  could 
not  well  be  handled  with  the  reverberatories.  Unless,  then, 
we  can  find  some  cheap  method  of  smelting  flotation  concen- 
trate with  our  present  equipment,  we  must  continue  to  treat 
at  least  a  portion  of  our  tonnage  by  pyritic  smelting. 

There  may  be  some  way  that  flotation  concentrate  can  be 
handled  advantageously  in  a  blast  furnace.  Several  methods 
have  been  suggested  and  are  under  consideration.  The  first, 
that  of  mixing  the  concentrate  with  the  flue  dust  and  sintering 
it  on  the  Dwight-Lloyd  machine  is  simple  but  expensive  and 
would  probably  entail  some  sort  of  Cottrell  treater  for  the 
sintering  plant  as  well  as  for  the  blast  furnaces.  A  second 
possibility  involves  the  blowing  of  the  dried  concentrate 
through  either  the  blast  furnaces  or  the  converter  tuyeres, 
which  is  metallurgically  sound,  but  I  fear  mechanically  weak. 
A  third  involves  the  feeding  of  the  concentrate  directly  into 
the  mouth  of  the  converters  in  the  same  manner  as  siliceous 
flux  is  now  fed,  accepting  a  certain  high  dust  loss,  which  would 
be  caught  in  the  dust  chamber  and  by  Cottrells.  This  would 
presuppose  sufficient  molten  matte  coming  from  the  blast 
furnaces  to  liquify  the  flotation  concentrate,  or  the  concentrate 
can  be  fused  in  an  electric  furnace  before  adding  to  the  con- 
verters. Another  scheme,  and  perhaps  the  wildest  of  the  lot, 
has  been  the  suggestion  to  mix  the  concentrate  with  a  certain 
amount  of  coal  and  make  coke  from  the  mixture  in  our  regular 
by-product  coke  ovens.  Results  from  experimental  work  on 
this  last  method  have  been  excellent  so  far  as  the  resulting 
coke  product  is  concerned.  It  takes  on  the  consistency  of 
carborundum  and  stands  ill-usage  excellently.  The  only 
difficulty  of  the  scheme  so  far  found  is  that,  to  make  a  proper 
mixture,  it  takes  almost  twice  as  much  coke  as  concentrate 
In  other  words,  if  our  ore  were  all  reduced  to  flotation  con- 
centrate, we  would  have  to  run  on  a  200  per  cent  coke  ratio. 
All  these  schemes  are  being  investigated,  and  it  maybe  that  a 
way  can  be  found  to  handle  flotation  concentrate  in  a  blast 
furnace  as  cheaply  and  as  effectively  as  low  grade  ore.  If  sor 
we  can  either  mine  out  our  orebodies  at  a  considerably  higher 
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rate  of  speed  or  we  will  have  a  large  amount  of  excess  smelting 
capacity  for  custom  ores. 

We  are  now  erecting  the  first  1,000-ton  unit  of  our 
concentrating  mill  and  it  will  be  in  operation  soon  after  the 
first  of  the  year.  In  it  we  will  treat  our  excess  greenstone 
ore  and  certain  portions  of  the  siliceous  material  surrounding 
our  other  orebodies.  We  will  also  try  out  the  preferential 
flotation  of  our  heavy  sulphides  with  a  view  to  perhaps  treating 
at  least  the  fine  material  which  gives  us  considerable  trouble 
in  the  blast  furnaces.  As  need  arises,  the  mill  capacity  can 
be  increased  to  2,000  or  3,000  tons. 

For  nearly  twenty-five  years  the  Granby  Company  has 
been  smelting  its  own  copper  ores,  and  has  had  an  honourable 
metallurgical  history.  From  the  days  of  Phoenix  and  Grand 
Forks,  where  it  was  able  to  make  a  profit  on  the  direct  smelting 
of  a  1  per  cent  ore,  to  the  present  at  Anyox  where  it  is  operating 
the  largest  pyritic  smelter  in  the  world,  Granby  has  been,  in 
mining  camp  slang,  a  company  of  gas-eaters.  But  times  are 
changing;  flotation  and  wet  methods  generally  are  gradually 
crowding  in  on  the  field  of  the  dry  metallurgy.  We  have 
taken  our  first  step  in  that  direction.  We  are  becoming  as 
it  were  amphibious.  Who  can  tell  but  that  in  ten  years  more 
we  may  change  ourselves  from  gas-eaters  to  web-foots  and  our 
totem  from  the  salamander  to  the  duck.  That  is  on  the  knees 
of  the  gods. 


SULPHUR. 
By  F.  W.  Guernsey* 

(General  Meeting,  British  Columbian  Division,  Trail,  October,  1923.) 

Of  all  the  elements,  sulphur  occupies  a  place  by  itself. 
It  is  mined  in  situ,  in  such  quantities  and  of  such  purity  that, 
as  regards  the  tonnage  produced,  it  is  the  first  of  any  element 
on  the  list.  Iron  and  coal  the  great  tonnage  producers,  are 
combinations  of  elements,  while  sulphur  is  mined  and  marketed 
almost  chemically  pure.  It  is  sold,  in  large  quantities,  com- 
mercially, calling  for  a  purity  of  99.5  per  cent,  while  for  medic- 
inal purposes,  the  Pharmacopoeia  requires  only  99  per  cent, 
purity.  It  is  a  very  common  commodity,  and  like  many 
common  things  is  of  extreme  importance,  in  the  progress  of 
our  civilization. 

The  substance  has  been  known  from  the  earliest  times, 
the  word  sulphur  being  derived  from  the  Sanskrit  Sulvari, 
hence  the  Latin  Sulphur.  Commercially  it  is  also  called 
brimstone,  this  word  being  a  derivative  of  the  Anglo-Saxon 
Bryne  Stane  or  burning  stone.  From  our  younger  days,  we 
have  been  more  or  less  familiar  with  the  mineral.  On  the  spir- 
itual side  being  threatened,  if  we  did  not  behave  ourselves,  with 
an  ultimate  consumption  in  a  lake  of  fire  and  brimstone,  (which 
in  moments  of  reflexion  was  not  pleasant  to  contemplate) 
while  our  bodily  ills  were  taken  care  of  by  inward  applications 
as  a  spring  medicine.  In  both  instances,  the  effect  required, 
was  generally  attained. 

Sulphur  occurs  in  nature,  both  free  and  in  the  combined 
state,  it  being  estimated  that  it  forms,  over  one  tenth  of  one  per 
cent  of  the  first  ten  miles  of  the  earth's  surface.  (I  do  not  know 
who  did  the  estimating  and  it  is  not  guaranteed).  By  far  the 
greater  proportion  of  this   amount   is   in   combination   with 
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Other  minerals.  The  native  element  is,  however,  distributed 
widely  over  the  earth's  surface,  particularly  in  the  neighborhood 
of  volcanos,  active  and  extinct.  It  also  occurs  associated  with 
gypsum  and  limestone,  in  beds  and  masses. 

Illustrating  its  wide  distribution: — 

In  Europe: — 

The  Italian  deposits  are  most  important,  particularly 
those  on  the  island  of  Sicily;  and  in  the  province  of  Romagna 
and  near  Pesari  on  the  mainland. 

In  Spain  there  are  producing  mines  in  the  provinces  of 
Marcia  and  Almeria. 

In  France,  small  deposits  are  worked  near  Marseilles  and 
in  the  department  of  Vauclaus. 

In  Poland,  there  are  deposits  near  Cracow  and  Charkovo. 

In  Germany,  the  Silesian  deposits  have  been  worked. 

In  Russia,  in  the  government  of  Kasan  and  the  province 
of  Daghestan  there  are  important  deposits,  and  in  the  Trans- 
Caucasian  Steppes,  extensive  beds  are  reported. 

In  Iceland  there  are  some  small  deposits  of  the  Solfatara 
type. 

In  Norway,  a  large  field  is  reported  in  the  Kongsvold 
district. 

In  England,  sulphur  is  known  associated  with  marls  in 
Nottinghamshire,  while  in  the  county  Galway,  Ireland,  it  has 
been  recognized  in  limestone.  In  the  United  Kingdom, 
however,  its  occurrence  is  only  of  miner alogical  interest. 

In  Asia: — 

Japan  has  most  important  deposits,  principally  in  the 
district  of  Hokkaido.  Also  on  the  islands  of  Kyusha,  Formosa 
and  the  Kurrilles. 

The  Celebes  Islands  have  deposits  which  have  not  been 
worked. 

In  India,  small  deposits  are  known  in  the  province  of  Sinde, 
in  the  southern  Shan  States  and  in  Baluchistan. 

In  Africa: — 

Egypt  has  produced  a  small  tonnage  from  workings  at 
Ras  Jemsa  on  the  Red  Sea. 
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In  South  Africa  deposits  are  known  near  Walfis  bay  and 
in  east  Griqualand. 

In  Australasia   and  the   Islands   of  the  Pacific: — 

In  New  Zealand,  sulphur  is  being  produced  at  Lake 
Rotorua;  and  on  the  White  Islands,  in  the  Bay  of  Plenty,  a 
large  deposit  was  worked  some  few  years  ago. 

In  Australia  there  are  deposits  in  the  county  of  Gloucester, 
New  South  Wales,  which  however  do  not  appear  to  be  of  econ- 
omic importance,  and  a  recent  report  states  an  important  deposit 
has  been  located  in  Papua. 

In  the  New  Hebrides  there  are  deposits  of  considerable 
size,  but  these  have  not  been  explored. 

In  South  America: — 

Chili  is  the  main  producer.  Economic  deposits  being 
known  in  the  province  of  Antofagasta  and  Tacora. 

In  Peru,  in  the  districts  of  Arequipa  and  Piura,  sulphur 
has  been  produced. 

In  North  America: — 

The  United  States  has  by  far  the  largest  and  most  import- 
ant deposits  as  yet  known;  Louisiana  and  Texas  producing 
the  major  portion  of  the  world's  supply.  Nevada,  Utah 
and  Wyoming  have  deposits  which  are  being  worked,  and 
California  produced  a  small  tonnage  some  years  ago. 

In  the  West  Indies,  deposits  are  known  on  the  Islands 
of  Gaudaloupe  and  Saba. 

In  Mexico,  in  the  states  of  San  Luis  Potosi,  Sonora, 
Durango  and  Lower  California,  promising  deposits  are  known. 

In  Gautamala,  near  Mount  Tacana  deposits  are  reported. 

In  Alaska,  a  number  of  deposits  are  known  the  principal 
ones  being  on  Unalaska  and  Kadiak  Islands.  No  production 
has  been  made. 

In  Canada,  native  sulphur  occurs  in  many  localities  in  the 
provinces  of  Nova  Scotia,  Ontario,  Alberta  and  British  Colum- 
bia, but  while  interesting,  none  of  these,  so  far  as  known,  are 
of  economic  importance. 
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Sulphur  deposits  are  classed  under  two  general  types: — 

(1)  The  solfatara  type,  covering  deposits  from  sulphurous 
gases,  namely  sulphuretted  hydrogen  and  sulphur  dioxide. 
These  gases  emanate  in  regions  of  expiring  or  active  volcanos 
and  it  is  assumed  the  gases  react  on  one  another,  producing  sul- 
phur and  water.  The  sulphur  collects  in  the  cracks  and  cava- 
ties  in  the  lavas  and  tuffs,  in  some  cases  forming  workable 
bodies  of  sulphur  rock. 

(2)  The  gypsum  type:  The  deposits  of  sulphur  of  this 
type,  result  either  from  the  alteration  of  gypsum  by  organic 
agencies,  or  deposition  from  sulphur  bearing  waters. 

In  the  first  instance  the  reducing  action  of  bituminous 
matter  acting  on  the  sulphate,  yields  calcium  sulphide,  car- 
bonic acid  and  water.  The  carbonic  acid  together  with  the 
water,  reacts  on  the  calcium  sulphide,  forming  sulphuretted 
hydrogen,  limestone  and  poly  sulphides  of  calcium.  The  latter 
in  turn  yield  calcium  carbonate,  sulphuretted  hydrogen  and 
sulphur. 

It  is  also  advanced,  that  deposits  of  free  sulphur  occur  in 
sedimentary  rocks,  as  a  product  of  bacterial  action;  certain 
bacteria  having  the  property  of  reducing  sulphates.  In  the 
case  of  deposition  from  sulphur  bearing  waters,  the  action  of 
the  oxygen  of  the  air  on  sulphuretted  hydrogen,  will  produce 
sulphur  and  water. 

The  deposition  of  sulphur  is  going  on  at  the  present  time 
in  the  Texas  deposits,  the  evidence  being  that  on  the  straw 
used  for  plugging  the  holes,  fresh  deposits  of  sulphur  were 
noticed.  In  the  examination  of  water  found  inclosed  in  sul- 
phur from  the  Sicilian  deposits,  the  salts  found  were  the  same 
as  are  in  the  neighboring  mineral  springs. 

The  original  gypsum,  with  which  the  gypsum  type  of 
deposit,  is  associated,  may  have  been  deposited  by  the  evapor- 
ation of  isolated  bodies  of  water.  Gypsum  is  more  soluble 
in  fresh  water  than  in  salt  water,  consequently  if  water,  carry- 
ing considerable  gypsum  in  solution,  comes  into  contact  with  salt 
(NaCl),  gypsum  is  deposited  and  salt  goes  into  solution. 

By  far  the  greater  proportion  of  the  sulphur  mined  is 
produced  from  the  gypsum  type  of  deposit.  The  European 
and  American  production  being  from  this  type. 


Sulphur — Guernsey  351 

While  over  95  per  cent  of  the  world's  production  of  sulphur 
is  derived  from  mining,  a  not  inconsiderable  tonnage  is  re- 
covered as  a  by-product,  in  the  working  of  other  industries. 
In  Great  Britain,  about  20,000  tons  annually  have  been  recov- 
ered from  the  alkali  waste  of  the  soda  works,  by  means  of 
the  Chance-Claus  process.  The  alkali  waste  contains  about 
25  per  cent  calcium  sulphide,  25  per  cent  calcium  carbonate. 
1  per  cent  ferrous  sulphide  and  30  per  cent  moisture.  Car- 
bonic acid  gas,  in  the  presence  of  moisture,  breaks  up  calcium 
sulphide  into  calcium  carbonate  and  sulphuretted  hydrogen. 
The  sulphuretted  hydrogen  is  mixed  with  a  regulated  amount 
of  air,  the  oxygen  of  which  unites  with  the  sulphuretted  hydro- 
gen, forming  free  sulphur  and  water.  The  former  is  con- 
densed in  chambers,  the  water  passing  off. 

Sulphur  is  also  produced  in  the  purification  of  coal  gas. 
This  is  effected  by  passing  the  crude  gas  through  purifiers, 
consisting  of  shelves  on  which  are  spread  layers  of  hydrated 
iron  oxide.  The  sulphuretted  hydrogen  of  the  gas  reacts  on 
the  iron  oxide  forming  water  and  ferric  sulphide.  The  oxygen 
in  the  gas  then  acts  on  the  ferric  sulphide^forming  ferric  hydrate 
and  liberating  free  sulphur.  It  is  estimated  that  40,000  tons 
is  produced  annually  from  this  source. 

During  the  late  war,  sulphur  was  produced  in  Germany 
by  calcining  gypsum  or  anhydrite  with  powdered  coal,  obtain- 
ing calcium  sulphide.  A  further  treatment  with  steam  produces 
sulphuretted  hydrogen,  then  by  the  addition  of  the  necessary 
quantity  of  air  the  mixture  is  burned,  sulphur  being  deposited. 
About  20,000  tons  have  been  produced  in  a  year  by  this  method. 

It  is  also  proposed  to  recover  sulphur  from  molten  blast 
furnace  slag,  by  oxidising  the  calcium  sulphide  in  the  slag, 
with  air  and  the  addition  of  anhydrite.  The  calcium  sulphide 
unites  with  the  oxygen  of  the  air,  giving  lime  and  liberating 
free  sulphur.  So  far  this  appears  to  be  in  the  experimental 
stage. 

Sulphur  has  been  produced  from  the  gases  given  off  by 
the  copper  furnaces,  by  means  of  the  Hall  and  Thiogen  processes. 
In  the  first  case  the  gas  containing  sulphur  dioxide  is  passed 
through  a  reducing  atmosphere  rich  in  hydrocarbons.  The 
reaction  between  the  sulphur  dioxide  and  the  hydrocarbons 
produces  carbon  dioxide,  sulphur  and  water.    This  process 
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was  tried  at  Coram,  California,  but  no  material  production 
of  sulphur  was  made.  The  Thiogen  process  is  based  on  the 
reducing  action  of  hydrocarbonaceous  material  on  the  sulphur 
dioxide  gas,  whereby  sulphur,  carbon  dioxide  and  water  is 
produced.  This  was  experimented  with  at  Campo  Seco, 
California,  but  was  not  an  unqualified  success. 

In  the  production  of  electrolytic  iron  by  the  Eustis  process, 
experimented  with  at  the  plant  of  the  Consolidated  Mining  & 
Smelting  Company  at  Trail,  B.C.,  sulphur  is  produced  as  a 
by-product.  In  this  method  pyrrhotite  is  acted  on  by  ferric 
chloride  as  the  solvent.  The  first  reaction  is  between  the 
solvent  and  the  pyrrhotite,  giving  ferrous  chloride  and  sulphur. 
The  second  reaction  is  the  decomposition,  in  the  electrolytic 
cell,  of  the  ferrous  chloride,  iron  being  deposited  at  the  cathode, 
with  the  formation  of  ferric  chloride  and  the  precipitation  of 
the  sulphur  in  the  sludge. 

The  world's  production  of  sulphur  has  increased  from 
575,000  long  tons  in  1900  to  1,625,000  long  tons  in  1920.  The 
outstanding  feature  of  the  production,  has  been  the  position 
the  United  States  has  taken  within  that  period. 

In  the  year  1900,  Italy  produced  544,000  tons,  Japan 
15,000  tons  and  the  United  States  4,600  tons.  In  1910  the 
Italian  production  was  430,000  tons,  Japanese  production 
45,000  tons  and  the  United  States  260,000  tons.  In  1920  the 
production  was  Italy  258,000  tons,  Japan  40,000  tons  and  the 
United  States  1,250,000  tons. 

In  1922  the  production  of  the  United  States  was  1,830,000 
tons,  more  than  the  total  production  of  the  world  two  years 
previously,  and  over  three  times  the  world's  production 
at  the  beginning  of  the  century.  These  figures  are  a  criterion 
of  the  advance  made,  in  the  chemical  and  allied  industries 
which  use  sulphur,  during  the  past  twenty  years. 

In  Italy,  Japan  and  other  places,  outside  of  Louisiana 
and  Texas,  the  sulphur  ore  is  mined  in  the  usual  way;  namely 
by  quarrying  and  underground  workings.  The  extraction 
of  the  sulphur  from  the  ore  was  conducted  originally  by  piling 
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the  ore  in  a  heap,  and  setting  it  on  fire,  part  being  burned  and 
part  melting  out  and  collected.  Later  on,  in  Italy  and  Japan, 
regenerative  furnaces  were  introduced,  and  a  much  higher 
percentage  of  extraction  obtained. 

In  Louisiana  and  Texas  the  sulphur  is  obtained  by  the 
superheated  water  method.  The  Gulf  coast  region  of  Louisiana 
and  Texas  is  noteworthy  for  the  occurrence  of  a  number  of 
slight  elevations  in  the  otherwise  flat  plain,  locally  called  salt 
domes,  from  the  fact  that  large  masses  of  salt  form  the  core  of 
these  elevations.  Early  attention  was  drawn  to  these  as  favor- 
able locations  for  drilling  for  oil.  In  a  number  of  cases  sulphur 
was  recognized  in  the  drillings,  and  in  Louisiana  attempts 
were  made  to  mine  the  mineral  by  means  of  shafts  and  ordinary 
mining  methods,  but  with  no  success. 

In  1891  Hermann  Frasch  conceived  the  idea  of  melting 
the  sulphur  in  situ,  by  means  of  superheated  water  and  bringing 
it  to  the  surface  in  the  liquid  state,  in  somewhat  the  same 
manner  that  salt  is  produced  by  pumping  brine  from  artesian 
wells.  It  was  not  until  1903  however,  that  the  conception 
bore  fruit,  and  in  that  year  the  first  sulphur  was  produced  in 
commercial  quantities,  by  the  "Frasch"  or  superheated  water 
method.  It  is  largely  due  to  the  persistency  and  efforts  of 
Hermann  Frasch  that  the  sulphur  industry  in  the  United 
States  has  attained  its  present  importance. 

The  Gulf  coastal  plain  is  made  up  of  a  great  thickness 
of  unconsolidated  sediments.  Dislocations  have  occurred  in 
this  mass,  particularly  along  the  coast  line.  The  salt  domes 
are  formed  apparently,  contiguous  to  these  dislocations. 
Very  little  is  known  concerning  the  nature  of  the  domes,  but 
invariably  the  core  consists  of  rock  salt  and  generally  overlying 
the  rock  salt  is  gypsum  and  limestone.  In  some  cases  asso- 
ciated with  the  gypsum  and  limestone  are  concentrations 
of  either  petroleum  or  sulphur.  Numerous  theories  have 
been  advanced  as  to  the  origin  of  these  domes.  It  is  suggested 
that  the  mounds  are  the  result  of  mountain  building  action, 
salt  and  gypsum  being  forced  as  magma  into  openings  caused 
by  flexure.  Also,  that  by  contact  with  molten  intrusives, 
vast  quantities  of  gases  were  generated  from  the  distillation 
of  metallic  sulphides,  lignites  and  organic  substances.     These 
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gases  with  heated  waters  carrying  in  solution  sodium  chloride 
and  carbonate  of  lime,  forced  their  way  up  through  the  sedi- 
ments, depositing  salt,  gypsum,  limestone  and  sulphur. 

It  is  also  suggested  that  solutions  carrying  salt,  carbonates 
of  lime  and  magnesia  and  sulphites,  were  forced  up  through 
openings  on  lines  of  structural  weaknesses.  The  deposition 
of  the  different  constituents  occurring  through  the  lowering 
of  the  temperature  and  pressure,  and  chemical  action  between 
the  different  solutions.  Another  suggestion  is  that  the  depo- 
sition of  the  salt  took  place  from  hot  saturated  solution  of  brine. 
This  was  accompanied  by  the  destructive  distillation  of  marine 
fossils  and  the  reduction  of  the  sulphates  by  hydrocarbons,  in 
some  cases  resulting  in  the  deposition  of  sulphur  and  the  con- 
sumption of  the  available  petroleum. 

Three  of  the  domes  have  been  developed  and  are  being 
worked  for  sulphur.  At  Sulphur,  Louisiana,  by  the  Union 
Sulphur  Company,  which  started  production  in  1903;  at 
Bryan  Mound,  by  the  Freeport  Sulphur  Company,  started  in 
1911  and  at  Gulf,  Matagorda  county,  Texas,  by  the  Texas 
Gulf  Sulphur  Company,  which  started  production  in  1919. 
Two  other  domes  are  under  exploration,  and  a  number  of  others 
are  known  to  contain  sulphur. 

The  sulphur  bed  being  worked  by  the  Texas  Gulf  Sulphur 
Company,  lies  about  eight  hundred  to  one  thousand  feet 
below  the  surface.  The  dome,  originally  known  as  the  Big 
Hill,  had  an  elevation  of  fifteen  or  twenty  feet  above  the 
surrounding  plain.  The  sulphur  bed  has  a  capping  of  limestone, 
above  which  are  unconsolidated  sediments.  In  prospecting 
the  deposit,  drill  holes  eight  to  ten  inches  in  diameter  are  driven 
by  means  of  rotary  drills.  These  penetrate  the  horizon  of 
the  sulphur  and  are  discontinued  when  the  underlying  gypsum 
stratum  is  reached.  Each  of  these  holes  are  cased  and  if 
suitably  situated  are  later  used  for  the  extraction  of  sulphur. 

The  deposit  is  known  to  have  a  diameter  of  at  least  four 
thousand  feet,  the  maximum  thickness  being  between  one 
hundred  and  eighty  and  two  hundred  feet.  The  sulphur  bed, 
physically,  is  a  mixture  of  calcite,'gypsum  and  elemental  sulphur. 
The  percentage  of  sulphur  varies  from  below  one  to  thirty 
percent.  The  extracting  holes  are  drilled  in  regular  order,  gen- 
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erally  along  a  known  contour  line  of  the  sulphur  bed.  The  holes 
are  cased  to  the  top  of  the  deposit.  A  six  inch  pipe  is  inserted 
inside  the  casing  and  extends  to  the  bottom  of  the  deposit. 
The  lower  part  of  this  pipe  has  perforations  extending  for  some 
distance  from  the  end.  Inside  the  six  inch  pipe  a  three  inch 
pipe  is  inserted  until  it  rests  upon  an  annular  piece  or  ring  on 
the  inside  of  the  six  inch  pipe  a  short  distance  from  the  lower 
end.  Inside  the  three  inch  pipe  a  one  inch  pipe  is  placed  for 
compressed  air  for  pumping  purposes. 

The  mineral  is  extracted  by  means  of  superheated  water 
at  a  temperature  of  330°F.,  under  a  pressure  of  120  to  250 
pounds.  The  water  is  forced  down  the  annular  space  between 
the  six  inch  and  three  inch  pipes,  penetrating  the  sulphur  bed 
through  the  perforations  in  the  six  inch  pipe.  The  sulphur 
is  melted  and  runs  to  the  bottom  of  the  well;  the  molten  sulphur 
rising  inside  the  three  inch  pipe.  The  pressure  of  the  pumps 
plus  the  head  of  water,  raises  the  sulphur  in  the  three  inch  pipe, 
several  hundred  feet.  The  air  jet  then  comes  into  play  and  the 
molten  sulphur  is  forced  to  the  surface.  It  flows  to  a  tank 
situated  not  far  from  the  collar  of  the  hole,  from  whence  it 
is  pumped,  through  heated  pipes,  to  central  storage  vats. 
These  vats  are  from  six  hundred  to  one  thousand  feet  in  length 
fifty  feet  in  width  and  forty  feet  in  height,  built  of  three  inch 
plank,  with  a  tongued  and  grooved  flooring.  When  a  vat  is 
filled,  the  "flow  is  diverted  to  another  vat.  The  molten  sulphur 
solidifies  quite  quickly,  and  eventually  the  sides  are  removed 
leaving  a  solid  block  of  sulphur  of  the  dimensions  of  the  tank. 
Railway  tracks  are  laid  along  the  side  of  the  block,  the  face  is 
broken  down  by  blasting,  the  broken  bulk  sulphur  being  loaded 
into  railway  cars  by  means  of  travelling  steam-shovels  or  clam- 
shells. 

Relief  holes  are  driven  at  different  points  on  the  edge  of  the 
sulphur  bed  being  worked.  These  are  cased,  and  a  valve 
placed  at  the  collar.  A  portion  of  the  water  pumped  down  the 
extraction  holes,  is  allowed  to  escape  through  these  relief  valves. 
The  extraction  holes  are  driven  so  as  to  cause  a  regular  and 
gradual  sinking  of  the  surface,  and  the  workings  are  ordered, 
so  as  to  regulate  this  subsidence.  Every  endeavor  being  made, 
that  the  adjacent  ground  will  not  be  injured.  The  production 
is  regulated  by  the  amount  shipped,  and  an  idea  may  be  obtained 
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ot  the  magnitude  of  the  operations  at  this  plant,  in  considering 
the  fact  that  a  daily  production  of  from  three  to  four  thousand 
tons  has  been  made. 

The  sulphur  produced  is  shipped  to  various  industries  in 
the  following  proportions: — 

Per  Cent 

Sulphuric  acid  manufacture 52 

Pulp  and  paper  manufactures 20 

Rubber  manufacture 8 

Agriculture 8 

Miscellaneous 12 

Of  the  amount  used  in  the  manufacture  of  sulphuric  acid, 
27  per  cent  is  utilized  in  the  making  of  fertilizer  for  agricultural 
purposes.  If  the  percentage  used  in  agriculture  direct 
and  as  insecticide  and  fungicide,  be  added,  it  will  amount  to 
35  percent  of  the  total  production  of  sulphur  being  used  in 
connection  with  the  most  basic  industry  we  have;  that  which 
produces  the  necessities  of  our  daily  lives. 

Naturally  the  consumption  is  of  prime  importance  to  the 
producers,  and  investigations  and  experiments  are  continually 
being  made  as  to  possible  new  uses. 

Sulphur  is  an  essential  element  in  all  proteins;  and  proteins 
are  essential  to  all  living  organisms  —  plants  and  animals.  In 
animals  the  hair,  nails,  hoofs  and  horns  are  comparatively  rich 
in  sulphur,  and  I  would  interpolate  here,  that  the  absence  of 
hair  on  one's  head  is  an  evidence  that  one  did  not  receive 
sufficient  sulphur  in  early  youth. 

Of  recent  years,  the  technical  agriculturists  have  recognized 
that  while  the  element  is  a  constituent  of  all  plants,  certain 
varieties  have  a  greater  content  than  others,  and  while  most  of 
the  sulphur  in  the  plant  occurs  in  the  proteins,  a  number, 
such  as  mustard  and  onions  contain  sulphur  in  other  forms. 
The  legumes  such  as  alfalfa,  clover,  beans  and  peas  and  the  mem- 
bers of  the  cabbage  family,  such  as  kale,  turnips  etc.  are  richer 
in  sulphur  content  than  other  plants.  Extensive  experiments 
conducted  in  the  western  United  States,  particularly  in  Oregon, 
have  demonstrated  that  the  addition  of  sulphur  to  certain  soils 
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has  increased  the  yield  of  alfalfa  and  other  legumes,  from  50 
to  200  per  cent,  and  in  central  and  southern  Oregon,  it  is 
now  common  practice  to  add  fifty  to  one  hundred  pounds  per 
acre  to  the  soil  as  a  fertilizer.  The  element  has  been  found 
beneficial  in  increasing  the  yield  of  wheat,  barley,  corn,  tobacco 
and  potatoes,  as  well  as  in  the  case  of  the  legumes. 

In  the  course  of  experiments  in  mixing  sulphur  with  phos- 
phate and  other  recognized  fertilizers,  it  was  found  that  all 
fertilizers  containing  sulphur  gave  increased  yields,  and  that 
the  rate  of  oxidation  of  the  sulphur  was  an  important  point. 
It  was  also  recognized  that  certain  bacteria  were  active  in  the 
oxidation  of  the  element,  and  that  if  such  bacteria  were  present 
or  added,  the  rate  of  availability  was  increased.  Later  on,  a 
bacteria  was  developed  which  acts  directly  on  sulphur  without 
any  extraneous  aid,  except  air  and  moisture.  This  particular 
bacteria  is  now  cultivated  at  Gulf  and  the  culture  added  to 
finely  ground  sulphur,  the  product  being  called  by  the  trade 
name  of  Inoc-sul,  or  commonly  inoculated  sulphur.  This 
material  on  account  of  its  quick  availability,  has  been  found 
efficacious,  where  the  ordinary  sulphur,  owing  to  its  slow  rate 
of  oxidation,  may  not  have  given  results.  It  has  been  found 
that  the  addition  of  Inoc-sul  to  the  soil,  acts  as  a  preventative  of 
scab  on  potatoes,  evidently  by  rendering  the  soil  of  such  a 
degree  of  acidity  that  the  disease  will  not  thrive. 

Generally  speaking  it  is  considered  that  where  soil  is  derived 
from  the  breaking  down  of  rocks  of  a  basic  character  and  defi- 
cient in  sulphur,  the  addition  of  the  element  to  the  soil,  is  nec- 
essary to  maintain  plant  growth.  It  is  just  as  necessary  to  have 
an  ample  supply  of  sulphur  in  the  soil  as  it  is  to  have  a  supply 
of  phosphorous,  nitrogen,  potash  or  any  other  element  essential 
for  plant  development.  Experiments  are  being  carried  on  for 
the  correction  of  alkalinity  in  soils  by  means  of  sulphur.  It  has 
been  found  that  the  toxic  and  insoluble  alkaline  carbonate  or 
black  alkali,  is  converted  by  sulphur  into  soluble  alkaline 
sulphate  or  white  alkali,  which  is  not  so  toxic,  and  can  be 
washed  from  the  soil.  It  is  confidently  anticipated  that  this 
will  open  up  a  new  channel  or  market  for  sulphur.  Excessive 
application  of  irrigation  water,  together  with  poor  drainage 
facilities,  has  resulted  in  the  gradual  raising  of  the  soil  water 
level,  which  in  turn,  brings  about  a  high  concentration  of  alka- 
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line  salts  at  the  surface  and  for  a  few  feet  below.  Sulphur  will 
convert  these  salts  into  more  soluble  forms,  which  are  much  less 
injurious  and  more  easily  removed. 

In  the  reclamation  of  soils  which  have  been  impoverished 
by  excessive  cropping,  sulphur  is  recognized  as  being  of  parti- 
cular value.  The  prime  requisites  for  the  restoration  of  such 
soils,  is  the  addition  of  nitrogen  and  organic  matter.  The 
legumes,  taking  as  they  do  nitrogen  from  the  air  and  transfering 
it  to  the  soil,  and  forming  organic  matter,  which  may  be  plough- 
ed in,  appear  to  be  most  favorable  plants  for  such  restoration. 
The  addition  of  sulphur  increases  the  growth  of  the  legumes, 
thereby  stimulating  their  nitrogen  fixing  properties  and  increas- 
ing the  organic  constituents.  It  also  has  a  beneficial  effect 
on  the  physical  condition  of  the  soil  making  it  more  loose  and 
miscible. 

Sulphur  is  being  used  in  the  treatment  of  sewage.  The 
addition  of  sulphuric  acid,  precipitating  the  colloids  with  the 
sludge  in  a  comparatively  short  time,  thereby  facilitating  a 
satisfactory  filtration. 

The  exceptional  insulating  qualities  of  sulphur,  its  inertness 
towards  acids,  and  its  use  as  a  cement,  either  alone  or  combined 
with  sand,  are  being  investigated.  Mixed  with  sand,  it  is 
being  used  as  a  lining  of  the  electrolytic  tanks,  in  the  zinc 
plant  at  Trail.  An  acid-resisting  cement,  with  the  trade  name 
of  Lava-sul,  has  recently  been  developed.  This  is  a  mixture 
of  finely  ground  coke  and  commercial  flour  sulphur.  The 
proportions  vary  to  a  considerable  extent,  but  a  mixture 
containing  30  per  cent  coke  seems  to  give  the  most  satisfactory 
results.  The  material  is  cast  in  ordinary  wooden  molds,  which, 
by  the  slight  contraction  on  cooling,  are  easily  removed. 


TOPOGRAPHICAL  MAPPING. 

Its  Relation  to  the  Mining  Industry. 
By  A.  C.  T.  Sheppard. 

(Annual  General  Meeting  Montreal,  March  1923) 

A  few  years  ago  the  burden  of  proving  the  need  of  high 
grade  topographical  maps  rested  with  the  topographical  en- 
gineer. He  had  to  use  every  argument  he  could  advance  to 
convince  the  skeptical  citizen  that  these  maps  were  not  merely 
of  purely  scientific  value.  The  great  mass  of  the  people  were 
simply  not  interested.  They  could  not  see  where  topogra- 
phical maps  were  a  factor  in  the  natural  growth  of  the  country. 
This  condition,  however,  is  now  changing  and  there  is  a  growing 
appreciation  throughout  the  country  of  their  value  in  assisting 
development.  To  a  great  extent  this  is  an  outcome  of  the 
war.  It  is  true  that  with  time  this  appreciation  was  inevitable, 
still  the  many  uses  to  which  such  maps  were  put  during  the 
war  has  very  considerably  increased  the  number  of  people 
who  can  intelligently  read  them. 

This  increasing  demand  is  clearly  illustrated  by  the  fre- 
quency with  which  discussion  on  map  making  arises  at  meet- 
ings of  engineering  and  surveying  organizations.  This  is  in 
contrast  with  the  lack  of  such  discussion  in  the  past.  The 
number  of  government  departments  which  are  making  maps 
is  also  increasing,  showing  again  that  the  need  is  being  felt 
in  varied  spheres  of  activity.  My  purpose  here  is  to  demon- 
strate the  need  of  topographical  maps  in  the  mining  industry. 
I  will  try  to  show  where  the  mining  engineer  may  be  assisted 
in  his  work  by  their  use,  and  how  the  topographical  engineer 
attempts  to  make  his  maps  conform,  in  as  far  as  possible,  to 
the  use  to  which  they  are  to  be  put. 

There  is  no  phase  of  mining,  from  the  prospector  —  (who 
is  an  essential  factor  in  the  industry)  —  to  the  modern  and 
efficiently  operated  mine,  in  which  topographical  maps  should 
not  be  a  necessity.  To  trace  their  relation  to  mining,  we  will  con- 
sider the  development  of  a  typical  district,  and  show  how  a  map 
of  the  proper  kind  and  correct  scale  should  precede  each  stage. 
The  development  of  a  district  is  always  attended  with  problems. 
As  the  district  opens  up,  the  problems  increase  in  number,  in 
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importance,  and  in  intricacy.  It  is  the  duty  of  the  topo- 
graphical map  to  keep  pace  with  these  problems  along  its  own 
peculiar  lines,  which  are  accuracy  and  wealth  of  detail  shown. 
These  problems  can  be  solved  without  the  aid  of  such  maps. 
This  point  has  been  demonstrated  in  the  past  and  the  solutions 
arrived  at  were,  in  every  way,  as  good  as  it  was  possible  to 
make  them.  It  is  my  contention  that  had  high  grade  maps 
on  suitable  scales  and  with  suitable  contour  intervals  been 
available,  the  solution  of  these  problems  would  have  been 
materially  expedited  and  facilitated. 

Let  us  start  with  the  unorganized  and  practically  unknown 
district.  The  prospector  is  preparing  for  a  trip.  He  has  never 
been  in  the  country  and  has  only  been  able  to  secure  the  most 
meagre  information  with  regard  to  it.  He  may  be  told  that 
the  Geological  Survey  has  had  a  survey  party  in  this  area  and 
perhaps  the  Department  has  some  information.  In  response 
to  his  inquiries  he  receives  a  map  showing,  to  scale,  all  the 
major  waterways,  rapids,  falls,  trails,  portages,  caches,  and  the 
exploratory  geology  of  the  routes  traversed.  If  the  country 
is  mountainous,  as  in  British  Columbia  and  parts  of  Alberta, 
the  surrounding  topography  is  indicated  by  sketch  contours. 
This  map  is  on  a  small  scale,  such  as  eight  miles  to  one  inch, 
and  of  necessity  cannot  show  minor  detail.  It  does  however, 
cover  a  large  extent  of  country  and  gives  a  good  general 
description  of  the  main  features.  It  is  essentially  a  base  map 
from  which  further  exploration  may  be  planned. 

The  prospector  with  this  map  can  now  plan  his  trip  more 
intelligently.  He  may  have  heard  that  there  is  a  possible 
route  which  will  allow  him  to  come  out  at  a  certain  place. 
The  map  tells  him  definitely  whether  this  can  or  cannot  be  done. 
He  may  have  been  told  or  may  have  observed  that  two  branches 
of  a  stream  have  their  sources  close  together.  The  map  tells 
him  about  how  close  together  they  are  and  perhaps  gives  him 
a  general  indication  of  the  height  of  the  divide  between  them. 
The  time  which  he  probably  would  have  spent  in  finding  his 
way  to  his  destination  is  reduced  to  a  minimum  and  thus  he 
has  more  time  to  devote  to  extensive  prospecting.  All  the 
information  he  gathers  on  his  trip  can  be  entered  accurately 
on  the  map.  He  does  not  now  have  to  describe  the  position 
of  a  point  by  approximate  distances  from  features  which  them- 
selves are  difficult  to  describe.    His  information  is  now  more 
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exact  and  very  much  more  valuable  and  he  has  been  able  to 
explore  more  country. 

These  maps  are  what  are  known  as  exploratory  or  geo- 
graphical maps.  They  should  meet  all  the  requirements  of 
the  exploratory  geologist,  and  the  prospector.  They  should 
meet  all  the  requirements  of  the  district  until  such  time  as  ore 
has  been  located  and  development  work  has  started. 

In  the  course  of  time,  prospecting  is  carried  on  further  and 
further  away  from  the  mapped  routes.  It  becomes  increasingly 
difficult  to  locate  the  position  of  any  particular  prospect.  The 
scientific  prospectors  are  now  asking  for  geological  information 
to  correlate  their  discoveries.  Here  again  the  proper  topo- 
graphical map  should  be  available  as  a  basis  for  the  geology, 
and  to  provide  travel  information  for  the  prospector.  The 
four  mile  to  one  inch  map  is  what  is  required.  It  is  the  first 
type  of  map  which  gives  full  information  regarding  a  complete 
block  of  country.  It  is  several  stages  better  than  the  eight  mile 
map  as  regards  accuracy  and  wealth  of  detail.  On  such  a  map 
are  shown  not  only  the  major  but  also  the  secondary  physical 
features.  The  relief  is  shown  not  by  sketch  as  on  the  eight  mile 
map,  but  by  determined  contours.  The  scale  does  not  allow 
the  finer  details  to  be  shown,  but  the  features  shown  are  of 
relatively  higher  degree  of  accuracy,  and  these  are  sufficient 
to  give  general  travel  information  covering  any  part  of  the  area. 
Elevations  of  divides,  of  river  junctions,  of  trail  crossings  and 
so  forth  are  sufficiently  accurate  for  reconnaissance  purposes. 

This  map  meets  the  requirements  of  geological  reconnais- 
sance work.  Its  scale  is  quite  large  enough  to  permit  the 
general  geological  structures  being  shown,  but  is  not  large 
enough  for  detailed  study.  To  the  mining  engineer  its  value 
from  a  topographical  standpoint  is  for  reconnaissance  work. 
The  most  favourable  locations  for  roads  and  railroads  may  be 
selected  by  inspection,  overcoming  the  necessity  of  exploring 
each  possible  route  by  several  interested  companys.  Drain- 
age basins  can  be  outlined  and  the  permanency  of  water  supply 
investigated.  In  short  it  replaces  a  duplication  of  trial  surveys, 
and  is  available  as  a  permanent  record  of  the  possibility  or 
impossibility  of  many  engineering  projects.  Coupled  with  the 
geological  investigation,  suitable  to  the  scale,  it  should  be  o 
the  utmost  value  to  the  scientific  prospector,  and  to  the  far 
sighted  engineer  who  is  already  looking  to  the  future  when  his 
property  will  become  a  large  producer. 
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We  may  now  imagine  a  lapse  of  several  years  during  which 
the  district  is  developing.  Areas  of  greatest  economic  import- 
ance are  becoming  more  defined.  Mining  is  progressing  to 
a  point  where  considerable  money  must  be  expended.  Pro- 
perty owners  are  considering  the  building  of  better  roads. 
Larger  quantities  of  ore  will  soon  be  going  out.  More  ma- 
chinery, lumber,  cement  etc.,  will  have  to  be  brought  in,  and 
the  first  rough  tote  roads  which  up  to  the  present  have  been 
sufficient  for  the  needs  of  the  country  must  be  replaced  by 
roads  having  easier  grades  and  better  foundations.  Length 
of  haul  has  also  to  be  considered.  Railroads  must  be  built, 
power  must  be  produced  to  operate  machinery  and  supply 
light.  The  four  mile  map  has  now  passed  its  usefulness.  It 
has  served  its  purpose  in  reducing,  to  a  minimum,  the  amount 
of  actual  exploration  which  the  companies  operating  in  the 
district  have  had  to  carry  out.  It  has  permitted  a  thorough 
prospecting  of  the  district,  and  has  assisted  in  correlating  the 
geology.  It  has  furnished  the  mining  engineer  with  the 
maximum  amount  of  knowledge  of  the  economic  geology  of 
the  district  with  the  minimum  expenditure  of  both  office  and 
field  work. 

The  time  has  arrived  for  high  grade  topographical  maps, 
covering  areas  of  greatest  mineralization,  to  assist  the  engineers 
in  solving  their  problems.  Such  maps  should  be  on  a  scale  of 
one  mile  to  one  inch  with  a  contour  interval  suitable  to  the 
relief.  On  such  a  scale  the  detail  shown  is  greatly  increased, 
and  the  accuracy  of  position  and  relief  reaches  a  point  where 
the  map  may  be  used  to  replace  preliminary  surveys.  There  is 
no  question  of  the  location  of  stream  junctions,  road  crossings, 
or  other  prominent  features.  All  these  are  located  and  plotted 
with  the  utmost  accuracy  permitted  by  the  scale  of  the  map. 
The  gradients  of  streams  can  be  calculated,  the  relative  slopes 
of  hillsides  determined,  and  from  these  and  the  spot  elevations, 
at  critical  points,  information  can  be  obtained  for  any  surveys 
required.  The  map  maintains  a  balance  of  accuracy  through- 
out, sufficient  for  general  engineering  investigation,  and  fills 
all  needs  until  such  time  as  large  scale  engineering  maps  are 
required. 

For  geological  purposes  the  one  mile  map  is  most  useful. 
The  traverses  required  for  tracing  outcrops  are  considerably 
minimized.  The  detail  of  features  is  sufficient  to  allow  of 
locating  position  by  inspection,  and  in  many  cases  obviates 
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the  necessity  of  actually  tracing  out  contacts  as  the  contours 
will  supply  the  information.  Sections  may  be  constructed 
wherever  required.  Mineral  prospects  may  be  correlated,  as 
their  positions  and  elevation  is  known.  The  map  is,  with  the 
exception  of  those  maps  on  special  scales,  the  best  one  for 
detailed  information.  It  is  the  map  best  adapted  for  a  district 
in  which  development  has  progressed  to  the  extent  where  there 
are  several  producing  mines  in  an  area  of  two  hundred  square 
miles.  In  no  sense  must  it  be  considered  a  strictly  engineering 
map.     It  is  merely  supplementary,  to  any  engineering  project. 

As  a  mining  camp  develops  in  any  district  a  more  intensive 
geological  study  is  necessary.  Engineering  construction  work 
proceeds  rapidly.  The  one  mile  topographical  map,  as  regards 
the  camp,  has  supplied  the  necessary  data  for  the  development 
of  the  primary  needs  of  transportation,  power,  etc.,  but  for 
the  more  detailed  problems  a  new  form  of  map  is  required. 
The  engineering  map  on  scales  of  200,  400,  or  1000  feet  to  one 
inch  is  the  last  form.  It  approaches  the  nature  of  a  plan,  and 
the  scale  allows  even  relatively  unimportant  details  to  be 
shown.  Every  feature  is  locted  accurately.  The  map  must 
be  exact.  Contours  cannot  be  interpolated.  Each  contour 
is  run  out  on  the  ground.  In  all,  it  is  possible  to  say  that  no 
point  on  such  a  map  is  in  error  a  plottable  amount. 

Properly  used  this  map  can  be  used  to  replace  numerous 
surveys  which  would  otherwise  have  to  be  undertaken  for  pro- 
jecting construction.  Additional  trackage,  pipelines,  aerial 
tramways,  flumes  and  penstocks  may  be  located  using  the  map 
with  the  same  degree  of  confidence  which  a  locating  railway 
engineer  places  in  his  preliminary  topography.  Available 
power  may  be  studied  without  the  necessity  of  levelled  de- 
termination of  the  head.  Preliminary  information  may  be 
obtained  regarding  proposed  shafts  and  tunnels.  It  is  impos- 
sible here  to  enumerate  all  of  the  many  and  varied  uses  of  this 
form  of  map.  Its  parts  are  of  the  same  value  as  independent 
surveys;  its  detail  is  sufficient  for  most  needs. 

The  topographical  engineer  endeavours  to  understand  the 
requirements  of  the  mining  engineer.  Those  requirements  are 
his  guide  and  his  accuracy  in  map  making  is  governed  by  them. 
The  requirements  govern  the  selection  of  the  scale.  The  to- 
pographer understands  that  the  map  will  be  subjected  to  severe 
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tests  and  he  knows  that  a  single  failure  to  meet  those  tests 
destroys  confidence  in  all  his  work,  so  he  makes  his  entire  map 
with  the  view  of  meeting  the  severest  test. 

The  foregoing  is  not  theory.  Maps  have  been  produced  in 
the  past  and  can  be  produced  in  the  future,  when  they  are  need- 
ed, that  will  comply  with  the  most  searching  examination  and 
rigorous  tests.  I  have  shown  how  the  correct  class  of  successive 
maps  meet  requirements  at  each  stage  of  the  development  of 
a  new  district.  I  have  not  claimed  that  such  maps  are  essen- 
tial, but  rather  that  they  are  important  contributory  factors 
for  more  rapid  development.  I  have  shown  that  the  detail 
and  accuracy  of  such  maps  is  kept  abreast,  but  not  ahead  of 
the  requirements,  and  that  it  is  a  waste  of  time  to  plot  more 
detail  than  is  required  by  the  purpose  for  which  the  map  was 
made.  Accuracy  is  also  necessary  only  to  this  same  extent. 
Thus  the  exploratory  map  may  easily  be  criticized,  in  detail, 
by  one  who  puts  it  to  too  severe  a  test.  But  would  greater 
detail  contribute  sufficient  value  to  the  map  to  offset  the  extra 
expenditure  of  time  and  money  required  in  its  assembly  ?  Such  a 
map  is  intended  only  for  certain  pioneer  purposes.  The  engin- 
eering map,  as  I  have  stated,  should  in  contrast  be  able  to  stand 
any  intelligent  test  because  it  is  meant  for  very  advanced  de- 
velopment. 

It  may  be  said  that  the  mapping  of  geological  information, 
which  I  have  emphasized,  is  somewhat  foreign  to  the  subject 
of  this  paper.  Such  is  not  the  case  however.  Accurate  geo- 
logical information  with  proper  and  sufficient  detail  is  always 
an  essential  to  the  intelligent  development  of  any  mining  pro- 
ject. This  information,  I  admit,  may  be  obtained  without  the 
use  of  topographical  maps  as  a  base.  It  is  nevertheless  an 
undisputed  fact  that  if  the  geologist  possesses  a  topographical 
map  drawn  to  proper  scale  and  with  suitable  contour  interval 
his  geological  work  is  facilitated  and  much  increased  in  value. 

As  I  have  stated  the  demand  for  high  grade  maps  is  grow- 
ing. As  one  vitally  interested  in  this  demand  I  wish  to  see  it 
grow  rapidly.  I  have  tried  to  show  how  it  is  possible  to  assist 
the  mining  industry  by  the  making  of  good  maps.  Some  of 
my  statements  may  seem  reasonable.  To  others  exception 
may  be  taken.  All  will  agree,  however,  that  at  some  time,  in 
ones  experience,  a  map  such  as  I  have  described  would  have  been 
of  great  assistance. 
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Discussion 

Mr.  W.  M.  Goodwin:  Mr.  Sheppard  has  commenced  a 
service  to  the  mining  industry  that  I  believe  has  not  been 
performed  to  a  sufficient  extent  before.  I  believe  that  the 
Institute  might  well  continue  that  service  both  officially  as  a 
body  and  through  the  efforts  of  individual  members.  Mr. 
Sheppard  implied,  what  is  a  fact,  that  the  prospectors  are  not 
familiar  with  the  facilities  available  from  the  Geological 
Survey.  I  can  testify  to  that  from  personal  experience,  as  no 
doubt  many  others  can.  All  prospectors  do  not  know  of  all 
the  facilities  available  in  Ottawa.  They  know  better  the 
facilities  available  in  Toronto  at  the  Department  of  Mines 
because  their  contact  with  the  officials  of  the  latter  department 
is  closer.  The  contact  with  the  officials  of  the  Department 
in  Ottawa  is,  I  believe,  not  so  close  because  those  officials 
are  further  ahead  of  the  prospectors.  I  have  no  concrete 
proposal  to  make  but  I  believe  some  means  of  supplying  what 
is  needed  should  be  worked  out. 

Mr.  W.  R.  Rogers:  I  think  the  paper  is  quite  admirable. 
There  has,  in  the  past  few  years,  been  exhibited  a  growing 
appreciation  of  the  value  of  all  kinds  of  topographical  mapping. 
The  reconnaissance  map  of  8  miles  or  4  miles  scale,  whether 
contoured  or  not  serves  a  very  useful  purpose.  In  Ontario 
where  the  relief  is  not  great,  and  in  no  place  does  it  exceed 
2,000  feet,  and  where  the  timber  is  heavier  than  in  the  moun- 
tain districts  of  the  west,  the  cost  of  contour  maps  is  greater 
perhaps  than  in  other  sections  of  Canada.  An  instance  of  the 
value  of  these  maps  has  not  been  mentioned  in  the  paper, 
and  this  does  not  refer  to  the  contoured  map.  The  topo- 
graphical map  of  Gowganda,  on  a  one  mile  scale  where  town- 
ships were  not  sub-divided,  shows  claims  of  about  forty  acres 
each.  The  lines  are  supposed  to  be  north  and  south  or  east 
and  west  but  diverged  considerably  from  those  directions. 
A  few  years  ago  fire  visited  that  area.  The  claim  posts  were 
burnt  so  that  it  was  very  difficult  to  locate  oneself,  with  respect 
to  the  claims.  As  a  result  of  the  geological  and  topographical 
maps  that  had  been  made,  claim  owners  and  others  were  able 
to  locate  themselves  by  the  geological  boundaries  and  the 
topographical  information  that  these  maps  showed. 
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Dr.  E.  L.  Bruce:  asked  to  speak  on  the  making  of  maps 
by  aeroplane,  said:  I  think  it  is  possible  to  use  the  airplane 
from  a  fixed  base  to  obtain  photographs  for  projecting  points 
outside  the  survey  area  and  in  that  way  it  is  possible,  in  some 
places,  to  obtain  information  that  otherwise  would  cost  a 
great  deal  to  secure  by  actual  survey  itself. 

Mr.  W.  A.  P.  Schorman:  I  would  like  to  add  just  a  word 
from  the  industrial  viewpoint  of  the  value  of  the  maps  produced 
by  the  Geological  Survey.  We  have  found  them  exceptionally 
valuable  in  planning  rural  routes  for  the  delivery  of  our 
products.  That  may  appear  an  entirely  new  phase,  but  we 
found  them  exceptionally  valuable  for  that  kind  of  work. 
Frequently  we  get  correspondence  from  a  man  who  lives  out 
in  a  distant  rural  district,  on  whom  perhaps  none  of  our 
travellers  have  ever  called.  He  is  a  stranger  to  us  and  we 
know  nothing  about  his  district  or  exactly  where  he  lives, 
and  in  many  instances  we  have  been  able  to  give  that  man 
an  intelligent  answer  as  to  whether  we  were  able  to  reach  him 
at  all  seasons  of  the  year  or  not  by  simply  referring  to  these 
topographical  maps,  whether  road  conditions  made  it  possible 
to  deliver  our  products  to  him.  I  cannot  speak  too  highly 
of  the  value  of  these  maps  for  purposes  of  that  kind. 

Dr.  Ami:  I  consider  this  paper  is  one  of  extreme  value  in 
all  lines  of  research  work  in  Canada.  If  there  is  one  thing 
we  need  more  than  another  it  is  more  good  geographical  maps. 
We  know  so  little  of  our  country  and  it  is  such  a  great  country. 
I  understand  we  have  still  something  like  650,000  square  miles 
of  unexplored  areas  and  those  are  areas  which  are  well-known 
or  comparatively  well-known.  It  might  well  be  called  the 
evolution  of  topography.  As  regards  making  maps,  in  1912 
I  brought  the  subject  before  the  Department  of  Geology 
at  the  British  Institute  meeting  in  Scotland.  We  found 
there  were  no  less  than  fifteen  departments  in  Ottawa  doing 
geographical  work.  All  this  should  be  unified  and  there 
ought  to  be  one  great  topographical  department  in  Canada. 
The  Post  Office,  Railway,  Interior,  Geological  Survey  and  the 
Militia  Departments  were  all  running  their  own  sections.  The 
only  one  that  might  have  good  reason  to  do  its  work  separately 
was  Militia  and  Defence,  and  that  was  one  of  the  departments 
which  was  good  enough  to  say  that  they  would  join  hands 
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with  all  the  other  fourteen  departments  in  Ottawa,  doing 
mapping  work,  to  make  one  central  bureau  of  geography 
which  would  save  an  enormous  amount  of  expense  and  enable 
us  to  get  better  maps.  I  make  a  plea  for  the  unifying  of  all 
the  mapping  sections  in  one  central  bureau. 

Stopford  Brunton:  This  is  a  subject  in  which  I  am 
rather  interested.  The  great  question  in  Canada  is  how  much 
do  we  know  about  our  country.  The  various  departments 
engaged  in  map  making  have  done  excellent  work  in  the 
mapping  on  reverse  plates,  but  it  has  been  found  by  parties 
going  through  the  country  that  one  party  has  missed  a  lake 
thirty  miles  long,  which  was  only  half  a  mile  distant,  because 
they  were  walking  on  the  ground.  As  you  know,  a  great  many 
people  know  from  experience  in  France,  enormous  detail  was 
shown  on  maps  taken  from  a  considerable  height  and  over  a 
considerable  area.  It  seems  to  me  that  Dr.  Bruce's  investig- 
ations with  regard  to  aeroplane  work  in  Canada  are  of  very 
great  importance.  Enormous  areas  of  the  country  can  be 
mapped  by  photographs  and  those  areas  can  be  reduced  to  a 
mosaic  on  any  scale  you  like.  The  mosaic  can  be  traced  to 
any  scale  and  from  that  it  can  be  reduced  or  enlarged  to  the 
required  scale  for  any  individual  use.  The  mapping  of  Canada 
by  aeroplane  photographs  and  the  reproduction  of  such  photo- 
graphs as  maps  would  be  of  infinite  value  to  the  country  and 
furthermore  it  would  show  details  with  extraordinary  accuracy. 
I  feel  so  strongly  on  the  subject  that  I  would  suggest  that 
this  meeting  propose  a  resolution  of  some  sort  to  be  drafted 
later  —  I  think  my  ideas  correspond  with  Mr.  Goodwin's  — ■ 
bringing  this  matter  to  the  notice  of  the  Institute  if  not  to 
the  Government. 

Mr.  W.  M.  Goodwin:  I  move  that  the  resolutions  com- 
mittee be  asked  to  prepare  a  resolution  pointing  out  the  need 
for  more  extended  and  rapid  mapping  in  the  areas  through 
which  we  expect  development  to  proceed,  particularly  mining 
development,  and  that  this  resolution  mention  particularly  the 
aeroplane  method  of  preliminary  mapping,  and  also  include  the 
mention  of  the  dissemination  of  the  information  among  those 
who  require  it,  and  that  this  latter  point  apply  not  only  to 
preliminary  maps  but  to  all  maps. 

Mr.  J.  B.  Verdon:  I  second  that  motion. 
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Dr.  J.  B.  Porter  suggested  that  as  this  was  the  last 
session  of  the  meeting  the  resolution  committee  should  submit 
their  resolution  to  the  Council,  who  shall  be  empowered  to  act 
for  the  Institute  in  forwarding  the  resolution  to  the  proper 
quarters. 

Mr.  Goodwin  accepted  this  proposal,  and  the  meeting 
unanimously  supported  the  idea  of  such  a  resolution. 


ELECTROLYTIC  COPPER  TANK-HOUSE 

OF  THE 

UNITED  STATES  METALS  REFINING  CO., 

CHROME,  N.J.* 

By  V.  A.  James. 
Introduction. 

The  greater  part  of  the  world's  output  of  copper  is  now 
used  in  the  electrical  industry.  Copper  used  for  electrical 
conductors  must  have  high  conductivity;  and  consequently 
it  must  be  very  pure.  Slight  amounts  of  common  impurities, 
notably  antimony  and  arsenic,  will  greatly  lower  the  con- 
ductivity. "Lake"  copper,  or  refined  copper  produced  from 
lake  Superior  ores,  has  long  been  considered  the  purest  and 
has  commanded  the  highest  pries.  When  obtained  from  the 
pure  surface  ore,  "Lake"  copper  was  of  the  highest  electrical 
conductivity.  As  the  depth  of  the  deposits  increased,  arsenic 
began  to  appear,  and  at  the  works  of  one  of  the  companies 
the  copper  is  refined  electrolytically,  the  product  still  being 
classed  on  the  market  as  "Lake",  although  it  is  also  electrolytic 
copper  (Addicks)1. 

Further,  most  copper  ores  carry  traces  of  silver  and  gold, 
and  some  have  traces  of  platinum,  palladium,  and  the  semi- 
metals  selenium  and  tellurium.  These  metals  are  not  recover- 
ed in  the  fire-refining  process.  It  is  for  these  reasons  that,  at 
the  present  time,  practically  all  blister  copper  is  refined  by 


♦Students  paper  awarded  first  prize  in  1923  Students'  Competition 
(1)     Engineering  &  Mining  Journal,  Vol.  98,  p.  777,  1914. 
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the  electrolytic  method:  first,  on  account  of  the  high  grade 
of  the  finished  product,  and  secondly,  because  of  the  recovery 
of  the  gold  and  silver  and  rare  metals  (Antisell)2. 

Most  of  the  American  refineries  are  situated  on  the 
Atlantic  coast  in  order  to  save  shipping  costs  on  the  incoming 
blister  copper  and  on  the  refined  copper  going  to  Europe, 
which  is  normally  the  largest  market.  The  Chrome  plant, 
described  in  this  essay,  has  a  smelter  in  addition  to  the  refinery. 
At  its  own  smelter  dock  are  unloaded  blister  copper  and  copper 
ore  direct  from  Mexico  and  South  America,  and  at  its  refinery 
dock  the  refined  copper  is  loaded  and  shipped  direct  to  Europe. 

This  plant  also  treats  a  large  amount  of  scrap  copper  and 
brass  in  the  form  of  cables,  wires,  pots  and  pans,  screens,  etc. 
Most  of  the  purer  copper  scrap  goes  direct  to  the  anode  furnaces. 
The  scrap  brass  goes  to  the  smelter,  where  zinc  oxide  dust 
is  recovered  as  a  by-product. 

The  plant  employs  about  1,200  men,  and  was  designed  to 
produce  20  million  pounds  of  refined  copper  per  month.  It 
reached  its  peak  of  production  in  August,  1922,  when  over 
22  million  pounds  of  refined  copper  was  produced. 

Electrolytic  refining  may  be  divided  into  three  stages: 
first,  melting  the  blister  copper  and  casting  into  anodes  ready 
for  the  electrolytic  tanks;  second,  electrolytic  refining  and 
obtaining  of  cathode  copper  of  high  purity;  third,  melting  of 
cathodes  and  casting  into  commercial  shapes,  such  as  wire- 
bars  for  wire  mills,  cakes  for  rolling  mills,  ingots  for  the  brass 
and  alloy  manufacturers,  etc.  The  function  of  the  anode 
furnace  is  to  make  a  perfect  anode  casting  in  which  the  sulphur 
has  been  thoroughly  removed  and  other  oxidizable  impurities 
slagged  off  as  far  as  possible. 

The  refining  (or  wirebar)  furnace  serves  merely  to  put 
the  cathodes  into  the  desired  physical  shape,  and  beyond  the 
elimination  of  traces  of  sulphur  and  adjustment  of  ' 'pitch" 
has  ordinarily  no  chemical  function  (Addicks)3. 


(2)  Engineering  &  Mining  Journal,  Vol.  104,  p.  692,  1916. 

(3)  "Copper  Refining,"  1920,  p.  125. 
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It  is  with  the  second  stage,  the  electrolytic  refining  in 
the  "tank-house",  that  the  following  pages  will  deal. 

As  stated  later,  the  anodes  assay  from  98  to  99  per  cent 
copper.  The  cathode  copper  assays  from  99.8  to  99.9  per 
cent,  while  the  final  product  (the  wirebars,  ingots,  etc.)  assay 
from  99.93  to  99.98  per  cent  copper. 


'-■'*    V 
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Plate  1. 

Electrolytic  Copper  Tank-house  at  Chrome,  N.J.     Each  aisle 
spanned  by  two  10-ton  cranes 


The  tank-house  slimes  contain  gold,  silver,  platinum, 
palladium,  and  selenium,  all  of  which  are  recovered  at  this 
plant.  However,  their  recovery  will  not  be  discussed  in  this 
essay. 

The  following  flow  sheet  indicates  the  position  of 
electrolytic  refining  in  the  copper  industry. 
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General  Description. 

The  tank-house  contains  1,216  depositing  tanks,  arranged 
in  sections  of  34,  38,  or  42  tanks  per  section.  The  multiple 
system  is  used,  the  anodes  and  cathodes  being  in  multiple, 
and  the  tanks  and  sections  in  series.  A  plan  of  the  tank-house 
is  shown  in  Fig.  1.  The  sections  are  numbered  from  1  to  32 
as  shown,  30  and  32  being  the  strippers  sections,  where  the 
starting  sheets  are  made.  There  are  five  aisles  or  bays  as 
shown.  This  construction  gives  a  craneway  for  each  eight 
sections.  It  is  very  convenient  for  pulling  and  charging  of 
sections  and  also  for  purposes  of  supervision  and  additions 
to  the  plant. 
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There  are,  normally,  4  electrical  circuits,  each  supplying 
304  tanks.  These  may  be  connected  to  form  3  circuits  at 
times  of  low  current  density.  The  normal  arrangement  of  4 
circuits  is  shown  in  Fig.  2,  together  with  the  connections  for 
3  circuits.     The  amperage  used  is  from  7,500  to  11,500,  giving 

FIGURE      1 
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a  current  density  of  from  13.9  to  20.9  amperes  per  square  foot 
of  anode  surface.  (Anodes  are  3  ft.  by  3  ft.  and  3  ft.  by  3  ft.  by 
2  sides  by  30  anodes  per  tank  equals  540  sq.  ft.  anode  surface 
per  tank.)  At  present  (September  9,  1922)  the  amperage  is 
11,000,  giving  a  current  density  of  20.4  amperes  per  square  foot. 
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The  anodes  (for  the  most  part)  are  made  in  the  adjoining 
casting-building.  They  measure  3  ft.  by  3  ft.  by  1^  in., 
and  they  weigh  from  500  to  550  lbs.  (Stripper  anodes  625 
to  765  lbs.)     Their  average  composition  is: 

Cu  98  to  99  per  cent  Sb  0.18  to  0.30  per  cent 

Ag  70  to  130  oz.  per  ton  Ni  0.1    to  0.3    per  cent 

Au  0.5  to  1.5  oz.  per  ton  Pb  0.15  to  0.20  per  cent 

Bi  trace  Fe  0.03  to  0.05  per  cent 

As  0.02  to  0.05  per  cent  Zn  0.01  to  0.02  per  cent 

Se  0.03  to  0.06  per  cent  Te  0.02  to  0.03  per  cent 

Pt,  Pd.,  traces 

The  stripper  anodes  are  specially  cast  from  the  purest  pig 
copper  available.  A  small  amount  of  copper  is  shipped  to 
the  plant  in  anode  form.  The  anodes  are  electrolyzed  in  an 
acid  solution  of  copper  sulphate  of  average  composition: 
11.5  per  cent  free  sulphuric  acid  and  3  per  cent  copper.  The 
electrolyte  is  heated  to  145  °  F.  and  is  circulated  through  the 
tanks  at  a  rate  of  3  gallons  per  minute.  The  tanks  are  at  two 
levels,  the  lower  row  being  9  in.  below  the  higher.  The  elec- 
trolyte enters  at  the  bottom  of  the  top  tanks,  overflows  at 
the  other  end  from  the  top  and  enters  the  lower  tanks  near 
the  bottom,  overflowing  again  from  the  top  into  the  return 
solution  launder,  thence  to  the  heating  and  pressure-head  tanks. 
The  anodes  last  from  23  to  30  days,  depending  upon  the  current 
density.  Two  sets  of  cathodes  are  pulled  during  the  life  of 
one  anode.  With  20.5  amps,  per  sq.  ft.,  the  cathode  copper 
is  pulled  every  10  or  11  days.  With  14.5  amps,  per  sq.  ft., 
the  period  is  from  14  to  15  days.  The  voltage  averages  about 
90  volts  per  circuit,  or  0.30  volts  per  tank.  There  are  30  anodes 
and  31  cathodes  per  tank,  forming  60  paths  in  parallel  for  the 
current  across  the  tanks.  The  starting  sheets  (for  cathodes) 
are  made  in  the  two  stripper  sections,  and  represent  a  22-hour 
deposit  on  special  stripper  blanks. 

Copper  is  dissolved  from  the  anode  and  deposited  on  the 
cathode.  Insoluble  impurities  such  as  Au,  Ag,  Se,  Pt,  Pd, 
sink  to  the  bottom  as  slimes,  while  soluble  impurities  dissolve 
and  foul  the  electrolyte.  The  slimes  are  pumped  to  the 
silver-building,  where  Ag,  Au,  Pt,  Pd,  are  recovered.  When 
impurities  are  too  high,  a  portion  of  the  electrolyte  is  discarded 
every  day,  after  removal  of  most  of  the  copper  content  in 


376  Klkctrolytic  Copper    James 

"liberator"  tanks  with  insoluble  hard  lead  anodes.  The 
solution  thus  lost  is  replaced  by  measured  quantities  of  60° 
B.  sulphuric  acid,  bluestone  if  necessary,  and  water. 

For  purposes  of  ventilation  there  are  four  large  blowers 
operated  by  22  h.p.  motors.  These  send  fresh  air  to  all  parts 
of  the  house,  over  the  tanks  and  into  the  cellar.  In  winter 
the  incoming  air  at  the  blowers  is  heated  in  a  checkerwork 
chamber  of  exhaust  steam  pipes.  This  system  dries  the  air 
in  the  tank-house  and  greatly  improves  working  conditions. 
It  also  increases  evaporation  from  the  tanks,  which  is  desirable 
up  to  a  certain  point,  on  account  of  the  daily  addition  to  the 
electrolyte  of  wash  water. 

The  tank-house  building  in  ground  plan  is  about  375  ft. 
long  by  275  ft.  wide.  To  a  height  of  about  4  ft.  from  the 
base,  the  walls  are  of  concrete.  This  forms  a  fire-proof  and 
water-tight  retaining  wall  completely  around  the  building,  in 
order  to  protect  the  gold  and  silver  values  in  case  of  fire  or 
flood. 

Details  of  Plant  and  Operations. 

The  tanks. 

The  tanks  are  made  of  long  leaf  yellow  pine  lumber  2%  in. 
thick,  and  are  lined  with  6  lb.  6  per  cent  Sb.  lead.  They  measure 
(inside)  41  in.  by  132  in.  by  43  in.  deep.  The  breadth  is  made 
so  as  to  allow  a  clearance  of  about  3  in.  between  the  edge  of 
the  anodes  and  the  sides  of  the  tank,  and  the  depth  is  made 
to  allow  about  6  in.  between  the  lower  edge  of  the  anode  and 
the  bottom  of  the  tank.  The  wood  work  is  heavily  coated 
with  acid-resisting  asphaltum  paint.  The  tanks  are  built 
together  in  sections  of  34,  38  and  42.  This  construction  gives 
less  accessibility  than  the  older  method  of  building  the  tanks 
separate,  but  has  the  advantages  of  lower  initial  cost,  saving 
of  space  and  saving  of  power  due  to  fewer  contact  resistances. 
Each  section  is  in  two  parallel  rows  of  17,  19,  or  21  tanks 
as  the  case  may  be.  One  row  is  built  9  in.  lower  than  the  other 
to  assist  in  the  circulation  of  the  electrolyte.  In  the  bottom 
of  each  tank  is  a  lead  plug  fitted  with  a  rubber  ring.  This 
plug  is  pulled  when  slimes  are  sent  to  the  mud  launder  at  the 
time  of  pulling  the  section.    Along  the  top  edge  of  each  tank 
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rests  a  maple  "capping"  board  \y%  in.  by  7J/2  in.  by  11  ft., 
coated  with  asphaltum  paint.  Along  this  board  is  placed  a 
triangular  copper  bar  on  which  the  anodes  and  cathodes  rest. 
The  triangular  bars  are  of  cold-drawn  copper  and  measure 
%  in.  to  a  side.  The  "capping  boards"  serve  to  prevent 
leakage  of  current  from  the  electrodes  to  the  tank  lining  and 
between  the  tanks. 
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Fig.  3.     Anode. 


The  anodes  are  made  with  one  lug  longer  than  the  other. 
The  long  lug  rests  on  the  triangular  bar,  or,  at  the  end  tank 
where  current  comes  in,  on  the  bus-bar.  The  anodes  are 
spaced  4:4  in.,  centre  to  centre.  The  cathodes  are  hung  from 
cross-rods  cf  cold-drawn  copper.  These  rods  are  Y2  in.  by 
13^2  in.  in  section  .and  are  twisted  through  a  right  angle  near 
one  end  to  allow  the  flat  surface  to  rest  on  the  triangular  bar. 
The  bus-bars  measure  7  in.  by  2li  in.  and  are  laid  along  the 
end  of  the  section.  They  are  insulated  from  the  tank  lining 
by  thin  strips  of  hard  rubber.  The  anodes  have  fairly  smooth 
surfaces,  which  is  an  important  factor  in  eliminating  short 
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circuits,  and  rough  edges  are  chipped  off  before  they  enter 
the  tank-house.  They  are  made  to  hang  plumb  by  pounding 
the  lugs  with  a  hammer,  in  an  anode  pounding  rack,  before 
being  charged  in  the  section.     (See  Fig.  3). 

The  starting  sheets  for  the  cathodes  are  made  in  the 
stripper  sections,  each  stripper  blank  producing  two  starting 
sheets  (one  on  either  side)  per  24  hours.     The  sheets  measure 
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Fig.  4.     Cathode  Starting  Sheet. 

38  in.  by  38  in.,  or  a  couple  of  inches  larger  each  way  than 
the  anodes.  They  weigh  10  to  14  lbs.  each,  depending  on  the 
current  density,  when  they  were  made.     (See  Fig.  4). 

The  sheets  are  looped  with  strips  of  the  same  material, 
about  3K  in-  wide,  two  loops  being  used  per  sheet.  The  loops 
are  punched  and  riveted  into  the  sheets  by  hand. 

The  electrolyte. 

This  is  maintained  as  closely  as  possible  at  11.5  per  cent 
sulphuric  acid  and  3  per  cent  copper.  The  electrolyte  is 
primarily  a  solution  of  copper  sulphate,  but  free  acid  is  added 
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to  reduce  the  resistance.  The  amount  of  acid  used  is  the  result 
of  a  compromise  between  reduced  resistance  on  the  one  hand, 
and  the  tendency  to  evolve  hydrogen  from  too  much  acid,  on 
the  other.  Upwards  of  one  per  cent  of  Ni  is  found  in  the 
electrolyte,  along  with  smaller  and  varying  amount  of  Fe, 
As,  Pb,  Bi,  and  other  soluble  impurities.  During  electrolysis, 
the  solution  tends  to  stratify,  due  to  the  formation  of  heavy 
copper  sulphate  at  the  anode  and  lighter,  more  copper- free, 
solution  at  the  cathode.  To  overcome  this  and  obtain  an 
even  composition  of  the  electrolyte  and  a  balanced  deposition 
of  copper  the  electrolyte  is  circulated.  The  rate  of  circulation 
is  from  3  to  5  gallons  per  minute,  which  has  been  found  to 
give  the  best  results  without  danger  of  stirring  up  the  slimes 
or  carrying  impurities  from  anode  to  cathode. 

Separate  valves  control  the  solution  feed  to  each  section. 
The  section  feed  lines  are  4  in.  hard  lead  pipes  with  %  in. 
leads  to  each  tank.  The  solution  enters  the  leaden  shield 
from  a  hard  rubber  '  'gooseneck"  and  is  led  to  within  3  inches 
of  the  bottom  of  the  upper  tank.  It  overflows  at  the  top  at 
the  other  end  of  the  tank  into  the  middle  hose  {%  in.  or  13^  in.) 
to  the  bottom  of  the  lower  tank  and  thus  over  through  a  hard 
rubber  %  in.  pipe  into  the  return  launder.  Thence  it  drops 
by  gravity  to  the  heating  tanks  in  the  machinery-bay  where 
it  is  heated  by  exhaust  steam  from  the  power-house  to  145° 
F.  It  is  then  pumped  to  the  head  tank,  where  it  has  a 
pressure  head  of  about  6  ft.,  sufficient  to  send  it  to  all  the 
sections.    The  pumping  system  is  described  in  detail  later  on. 

There  are  several  reasons  for  heating  the  electrolyte. 
Its  temperature  coefficient  is  positive,  and  the  ohmic  resistance 
decreases  with  increase  of  temperature.  The  resistance  at 
90°  F.  is  20  per  cent  higher  than  at  125°  F.  A  warm 
solution  gives  a  better  and  purer  deposit  of  copper  as  it  reduces 
the  danger  of  antimony  compounds  crystallizing  out  and 
contaminating  the  cathode  copper.  This  is,  otherwise,  very 
likely  to  occur,  on  account  of  the  low  saturation  point  of 
antimony  (solution  pipes  after  a  few  years  of  service  are  often 
coated  with  antimony  to  a  thickness  of  over  one  inch).  The 
practical  limit  of  solution  temperature  is  found  to  be  about 
145°  F.,  since  above  that  point  there  is  danger  of  excessive 
steaming,  heavy  loss  of  heat  by  radiation  and  stirring  up  of 
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slimes  by  convection  currents.  There  would  also  be  some 
danger  of  employees  getting  burned.  The  power  used  in 
overcoming  the  ohmic  resistance  of  the  electrodes  and  elec- 
trolyte is  transformed  into  heat.  This  heat  is  useful  in  raising 
the  temperature  of  the  electrolyte  wherever  it  is  developed 
under  its  surface.  The  solution  temperature  attained  by  this 
means  alone  is  about  90°  F. 

The  bus-bars  are  laid  along  the  outer  top  edge  of  the  end 
tanks  of  each  section.  They  measure  7  in.  by  234  in.  in 
section.  The  electrical  conductors  come  in  overhead  from 
the  power-house.  They  consist  of  two  parallel  copper  bars 
with  a  total  cross-section  of  21  sq.  in.  This  is,  approximately, 
the  "economical  conductor"  for  this  plant,  allowing  a  cost  of 
power  loss  equal  to  the  interest  charges  on  metal  locked  up. 
The  current  passes  through  the  bus-bar,  across  the  tanks  in 
the  upper  row  of  a  section,  through  the  bus-bar  into  the  lower 
row  of  tanks,  through  these  tanks,  then  diagonally  across  to 
the  upper  row  of  the  adjoining  section,  and  through  this 
section  in  the  same  way,  then  through  the  bus-bar  under  the 
floor  to  the  section  across  the  aisle.  The  path  of  the  current 
is  shown  in  Fig.  2.  To  cut  a  section  out  of  the  circuit  a  heavy 
copper  lock  is  placed  across  the  terminals  of  the  sections.  The 
lock  is  held  in  place  by  iron  bolts  and  nuts.  The  bolts  are 
insulated  from  the  copper  conductors,  as  otherwise  the  bolts 
would  form  the  first  contact.  The  very  heavy  current  would 
cause  arcs  between  the  threads  and  ruin  them  and  the  bolt 
would  become  white  hot. 

The  cellar. 

The  cellar  of  a  refinery  must  be  properly  built  and  care- 
fully supervised  if  bad  leaks  with  consequent  heavy  losses  of 
values  are  to  be  avoided.  The  requirements  of  a  good  cellar 
are: 

1  —  Leaks  must  be  easily  found  and  easy  to  reach   for 

repairs. 

2  —  There  must  be  a  good  system  of  gutters  and  sumps 

to  take  care  of  drips  and  leaks  and  to  preserve  the 
solution. 

3  —  The  floor,  walls,  piers,  etc.,  must  be  resistant  to  the 

acid  solution. 
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4  —  Machinery  must  be  protected  from  solution,  both 
from  above  and  below. 

The  floor  of  this  cellar  is  of  concrete  6  in.  thick,  overlaid 
by  one  layer  of  vitrified  brick.  This  is  given  two  coats  of 
hot  coal-tar,  the  last  layer  being  smoothed  by  a  large  flat 
iron.  This  forms  a  good  acid-resisting  floor  which  will  last 
about  10  years. 

The  tanks  rest  on  wooden  beams  8  in.  by  10  in.  and  10  ft. 
long,  supported  at  either  end  by  a  brick  pier.  The  brick  piers 
have  a  granite  block  at  the  base,  surrounded  by  one  layer  of 
brick,  and  rest  on  a  concrete  foundation  18  in.  thick.  Between 
the  wooden  beam  and  the  brick  pier  is  a  sheet  of  1  in.  plate 
glass  about  16  in.  square  to  prevent  grounding  of  current, 
also  a  sheet  of  lead  overhanging  the  pier  to  protect  it  from 
leaking  solution.  The  heating  and  slimes  tanks  also  rest  on 
piers  with  granite  foundations  and  lead  caps.  The  beams 
carrying  the  storage  tanks  are  all  protected  by  lead  caps. 

Just  underneath  the  sections,  between  the  upper  and 
lower  rows  of  tanks,  are  the  wide,  shallow,  V-shaped  mud 
chutes.  These  take  the  slimes  when  the  tanks  are  being 
cleared  out  and  also  the  drips  from  the  tanks  at  other  times. 
They  empty  into  the  main  mud  launders,  running  at  right 
angles,  which  lead  the  slimes  to  the  slimes  collecting  tanks 
near  the  middle  of  the  cellar.  Under  all  the  mud  launders 
are  placed  gutters,  which  lead  to  shallow  sumps  in  the  floor 
at  sections  28,  12,  13,  and  31.  These  sumps  are  provided 
with  steam  syphons  for  pumping  solution  into  the  mud 
launders.  Under  the  slimes  collecting  tanks  is  a  deep  sump 
with  a  syphon  to  the  slimes  tank.  There  is  a  deep  sump 
in  the  floor  under  No.  13  section  near  the  centre  aisle  which 
was  formerly  a  slimes  tank,  but  is  now  used  for  water  drip 
from  exhaust  pipes,  etc.  The  tanks,  beams  and  launders  are 
of  selected  long  leaf  yellow  pine,  containing  plenty  of  pitch.  The 
tanks  are  given  a  thick  coating  of  black  asphaltum  or  gas-tar 
paint.  All  the  rest  of  the  cellar,  floor,  walls,  pipes,  launders, 
beams,  piers,  etc.,  are  whitewashed.  This  gives  good  protec- 
tion as  it  neutralizes  the  acid  and  also  provides  a  clean,  white 
appearance.    Leaks  are  easy  to  detect  on  the  white  back- 
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ground.  The  whitewash  is  cheap  and  easy  to  apply.  On  a 
large  scale  it  is  put  on  by  a  compressed  air  sprayer.  When 
it  falls  off  or  is  eaten  by  acid  it  is  renewed  by  hand. 

A  cellar  foreman  and  three  whitewashers  look  after  the 
cellar,  and  watch  for  leaks.  They  give  special  attention  to 
the  sections  that  are  being  pulled,  as  there  is  more  danger 
then  of  leaks  from  falling  scrap.  The  cellar  men  hang  copper 
sheets  over  the  piers  near  the  mud  launders  of  the  sections 
to  be  pulled  the  following  day,  to  protect  the  piers  from  splashes 
of  solution.  A  bad  leak  in  a  tank  in  circuit  may  be  a  serious 
matter  if  not  caught  in  time.  If  the  solution  gets  so  low  as 
to  break  the  circuit  between  the  electrodes  it  may  do  serious 
damage  to  the  power-house  engines.  Leaks  like  this  are  rather 
infrequent,  but  when  they  occur  the  power-house  should  be 
notified  at  once  to  stop  the  engine  on  that  circuit,  without 
waiting  to  cut  the  section  out.  The  section  is  then  cut  out, 
and  the  power  may  be  started  again.  The  electrodes  are 
removed  from  the  tank,  the  solution  is  siphoned  into  the 
return  launder,  and  the  lead  burner  is  called  in  to  repair  the 
leak  as  quickly  as  possible,  so  that  there  may  be  a  minimum 
of  time  lost.  For  small  leaks  it  is  often  sufficient  to  throw  in 
a  handful  of  lead  dross,  which  is  carried  by  the  solution  to 
the  hole,  especially  if  the  section  is  due  to  be  pulled  soon. 
However,  this  is  bad  practice  at  the  best. 

The  pump-house. 

The  pump-house  occupies  most  of  the  machinery-bay. 
Its  floor  is  depressed  23^  ft.  below  the  general  level  of  the  rest 
of  the  cellar.  The  arrangement  of  the  pumps,  heating,  pressure 
and  storage  tanks  is  shown  in  Fig.  1.  The  main  solution  heat- 
ing tanks  are  located  on  either  side  of  the  centre  aisle.  One 
tank  on  either  side  is  in  use  at  a  time,  the  duplicate  being  held 
in  reserve.  These  tanks  measure  70  ft.  by  12  ft.  by  3  ft.  deep. 
Return  solution  enters  the  heating  tanks  and  flows  through 
to  the  pump  end  of  the  tanks.  It  is  heated  by  exhaust  steam 
in  20,  3-in.  lead  pipes  running  through  the  tank.  Tests  made 
in  January,  1922,  show  that  0.071  lb.  of  exhaust  steam,  at 
5  lb.  gauge  pressure,  were  used  to  raise  1  cu.  ft.  of  electrolyte 
1°  F.  between  121°  F.  and  141°  F.  (with  inside  air 
temperature   at   85°  F.).    The   level    of    the    solution     in 
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the  heating  tanks  should  be  kept  about  4  in.  above  the  heating 
coils.  A  heating  tank  and  its  duplicate  are  connected  by  an 
overflow  launder  a  few  inches  from  the  top,  so  that  the  duplicate 
may  be  used  for  temporary  storage  when  necessary.  There  is 
one  solution  pump  for  each  heating  tank.  These  are  Worthing- 
ton  vertical  centrifugal  pumps,  direct-driven  by  30,  40  h.p., 
d.c.  motors.  Their  rated  speed  is  625  to  940  r.p.m.  Their 
construction  is  shown  in  Fig.  5.  The  propellor  disc  is  a  hard 
lead  casting,  and  all  interior  parts  are  covered  with  hard  lead 
to  resist  corrosion. 

All  of  the  tank-house  pump  and  blower  motors  are  operated 
by  double-acting  starting  levers,  the  upstroke  resistances  being 
for  starting  duty,  and  the  down  for  regulating.  The  solution 
is  pumped  through  7  in.  pipes  to  the  head  tank,  measuring 
20  ft.  by  8  ft.  by  3  ft.  deep,  placed  over  the  centre  aisle.  The 
head  tank  is  partitioned  in  the  center,  and  the  plugs  are  so 
arranged  that  normally  the  solution  from  the  south  heating 
tank  is  sent  out  to  the  north  side  of  the  house,  and  vice- versa. 
This  insures  thorough  mixture  and  even  composition  of  the 
electrolyte. 

Solution  feed. 

The  solution  flows  by  gravity  through  10  in.  pipes.  There 
are  four  of  these,  one  to  each  quarter  of  the  house.  The  lines 
decrease  in  size  as  various  branches  are  taken  off,  the  feed 
lines  to  the  individual  sections  being  4  inches.  The  feed  pipes 
under  the  newest  sections  (No.  4  aisle)  go  to  the  tank-house 
wall  and  are  ready  for  extensions  in  case  of  additions  to  the 
plant.  In  the  4  in.  feed  pipes,  to  sections,  there  is  a  portion 
10  ft.  long  4  in.  dia.  of  hard  rubber  pipe  to  prevent  grounding 
of  current.  There  is  also  a  hard  rubber  pipe  between  the  return 
solution  launder  and  the  main  return  launder. 

Solution  return. 

The  overflow  from  the  sections  flows  through  the  return 
launders  placed  along  the  front  of  each  section.  These  launders 
are  open  and  on  a  level  with  the  floor,  except  in  No.  4  aisle, 
where  the  floor  is  raised  about  3  ft.  and  the  launders  are  under 
removable  wooden  covers.  This  latter  arrangement  renders 
the  lower  hose  and  launders  more  difficult  of  access  for  cleaning 
and  repairs,  but  on  the  other  hand  it  protects  the  solution  and 
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launders  from  old  hand  leathers,  gloves,  wood,  nails,  rubbish, 
etc.,  which  find  their  way  into  the  open  launders  and  are  a 
fruitful  source  of  leaks  and  stoppages  in  tanks,  launders  and 
pipes.  From  the  return  launders  the  solution  flows  down 
through  collecting  pipes  into  4  main  return  launders  in  the 
cellar.  These  launders  are  covered  and  encased  in  wood,  and 
are  provided  with  vents  to  permit  escape  of  entrained  air  and 
gases.  They  lead  to  the  heating  tanks,  plugs  being  provided 
to  divert  the  solution  from  one  tank  to  its  duplicate. 

The  north  and  south  heating  tanks  are  connected  under- 
neath by  a  6  in.  equalizer  pipe,  which  is  intended  to  keep  the 
solution  at  the  same  level  in  the  tanks.  Its  action,  however, 
is  slow,  due  to  high  friction,  higher  specific  gravity  of  solution 
in  the  pipe,  and  slight  differences  of  head.  To  it  is  connected 
a  bleed  pipe  which  also  drains  the  centrifugal  pumps  at  their 
lowest  points  (in  case  of  repairs).  The  pipe  is  provided  with 
a  steam  syphon,  which  pumps  the  solution  over  into  the  slimes 
collecting  tank.  A  more  effective  way  of  equalizing  the 
solution  level  in  the  tanks  is  to  open  a  bleed  pipe  in  the  solution 
feed  line  on  one  side  of  the  house.  This  leads  to  the  heating 
tank  on  the  same  side  and  raises  the  solution  level  in  that  tank. 

Storage  tanks  1,  2,  3,  and  4,  each  have  a  capacity  of  900 
cu.  ft.  and  are  used  for  storing  solution  returned  from  the 
silver-building.  The  solution  enters  No.  1  tank  at  the  top, 
overflows  from  under  a  shield  which  holds  back  surface  scum, 
floating  slimes,  etc.,  thence  into  No.  2,  and  so  on  into  No. 3 
and  No.  4.  This  solution  flows  back  from  the  silver-building 
during  the  day  while  sections  are  being  pulled  and  slimes  are 
being  sent  over.  The  pump  man  puts  this  solution  into  the 
heating  tanks  during  the  day  and  especially  at  night,  so  as  to 
have  storage  space  for  next  morning,  and  to  make  up  electrolyte 
lost  by  evaporation.  He  should  start  with  No.  4  tank  and 
work  back  to  No.  1  so  as  to  use  the  clearest  possible  solution 
in  the  circulation. 

These  tanks  may  all  be  slimed  down  into  the  mud  launder. 
In  case  tanks  No.  1  and  4  are  full  and  more  storage  spaceois 
needed,  solution  can  be  sent  from  these  tanks  to  tanks  Nos. 
7  and  8  at  the  north  end  of  the  house.  These  tanks  each  have 
a  capacity  of  1,320  cu.  ft.  To  fill  them  the  valves  leading 
from  the  connecting  line  to  the  return  launders  are  closed  and 
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the  valve  Leading  to  these  tanks  is  opened.  Ordinarily,  how- 
ever, only  No.  7  tank  is  used  in  this  way,  it  being  desired  to 
keep  No.  8  tank  specially  for  stripper  solution.  The  duplicate 
heating  tanks  can  be  filled  up,  as  also  the  inside  liberator  and 
any  other  empty  tanks.  The  shield  risers  can  be  put  in  the 
depositing  tanks,  raising  their  solution  level  %  in.  Finally, 
more  steam  can  be  turned  on  to  raise  the  temperature  and 
increase  the  evaporation. 

If  storage  tanks  are  empty  and  heating  tanks  are  overfull, 
solution  can  be  diverted  from  the  main  feed  lines  at  both  the 
north  and  south  ends,  to  the  storage  tanks.  The  condensed  water 
from  the  steam  coils  is  pumped  by  reciprocating  steam  pumps 
to  storage  tanks  Nos.  5  and  6.  These  have  a  capacity  of  900 
cu.  ft.  each.  During  the  day  this  water  is  used  in  the  wash- 
boxes  for  washing  copper,  at  a  faster  rate  than  it  is  made. 
Starting  with  two  full  tanks  in  the  morning,  there  is  usually 
very  little  in  storage  at  4  p.m.  The  wash-water  afterwards 
goes  into  the  electrolyte.  At  night  the  condensed  water 
accumulates  and  if  the  excess  cannot  be  taken  in  the  electrolyte 
it  is  sent  to  the  sewer.  When  the  electrolyte  runs  low,  water 
can  be  added  from  the  storage  tanks  or  from  %-in.  city  water 
pipes.  The  condensed  water  contains  considerable  oil,  and  for 
that  reason  it  is  never  used  in  the  stripper  sections.  If  wash- 
water  runs  short  or  electrolyte  gets  low  in  the  daytime,  city 
water  can  be  admitted  through  a  4-in.  main  to  the  hot-water 
storage  tanks  or  sent  through  the  big  reciprocating  pump, 
which  puts  wash-water  under  a  pressure  of  70  to  100  lb. 
There  are  two  small  pumps  in  reserve  for  this  large  one. 
In  case  other  supplies  fail,  resource  can  be  had  to  the  general 
supply  water  which  comes  in  from  boshes  and  cooling  systems 
in  the  casting  building,  under  a  pressure  of  50  to  60  lb.  The 
valve  leading  to  this  supply  is  always  kept  locked,  however, 
because  of  danger  of  contamination  by  electrolyte,  which 
might  leak  into  the  hot  water  system  through  the  heating 
coils,  with  disastrous  effects  on  boilers  and  iron  connections 
wherever  general  supply-water  circulates  in  other  departments 
of  the  plant. 

Stripper  circulation. 

The  stripper  sections  have  a  separate  circulation  system 
of  their  own.    This  is  because  the  making  of  good  starting 
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sheets  requires  a  purer  electrolyte  and  a  more  sensitive  control 
of  circulation,  temperature  and  composition.  There  is  but 
one  stripper  heating  tank,  but  it  is,  however,  connected  with 
duplicate  electric  pumps.  The  heating  tank  measures  35  ft. 
by  11  ft.  by  3  ft.  deep.  The  solution  is  pumped  through  a 
3-in.  pipe  to  a  head  tank,  7  ft.  by  3}4  ft.  by  3^  ft.  Thence 
it  drops  through  6-in.  feed  pipes  to  the  two  stripper  sections 
Nos.  30  and  32.  These  pipes  have  connections  to  the  regular 
solution  feed,  which  is  normally  flanged  off. 

All  section  feed  pipes,  both  strippers  and  regular,  are  set 
in  drip  launders,  which  catch  solution  and  slimes  from  drips 
and  leaks  and  empty  them  into  lead-lined  boxes  at  the  end 
of  the  launders.  Both  regular  and  stripper  head  tanks  have 
overflow  pipes  which  lead  back  into  their  respective  heating 
tanks.  Solution  overflowing  in  this  way  is  in  closed  circuit 
without  doing  any  work.     This  should  not  normally  occur. 

No.  8  tank  is  usually  reserved  for  storage  of  stripper 
solution,  as  there  is  no  other  space  where  this  solution  may 
be  stored  in  case  of  leaky  tanks  or  when  sections  are  being 
cleaned.  No.  9  tank  is  used  for  storage  of  60  °  B.  sulphuric 
acid.  This  acid  is  pumped  to  the  tank  through  a  line  from 
the  silver-building.  From  a  2-in.  pipe  leading  .from  the  acid 
tank  to  the  return  launder  of  the  stripper  and  regular  solutions, 
acid  is  added  as  the  solutions  require  it.  A  branch  leads  to 
the  lead-burners'  hydrogen  generator. 

Pump-men's  duties. 

There  are  3  pump-men,  each  working  an  8-hour  shift. 
They  change  shifts  at  7  a.m.,  3  p.m.,  and  11  p.m.  The  pump- 
man is  in  charge  of  all  pumps,  blowers,  heating  and  storage 
tanks,  and  is  responsible  for  the  addition  of  all  oil,  glue,  salt, 
acid,  and  bluestone  to  the  solution.  Coming  on  shift  his  first 
duty  is  to  go  the  rounds  and  see  that  all  pumps  are  working 
properly,  and  that  the  solution  is  at  the  right  level  in  the 
heating-tanks.  Then  he  proceeds  to  add  glue,  oil,  and  salt 
to  the  electrolyte.  These  addition  agents  will  be  dealt  with 
later.  Acid  is  added  on  the  afternoon  shift,  because  the 
pump-man  has  then  more  time  to  see  that  the  exact  amount 
required  is  run  in  from  the  storage  tank.  Soon  after  he  arrives 
on  the  morning  shift  the  pump-man  collects  samples  of  solution 
from  the  north  and  south  regular  return  launders  and  also 


388  Ej  E(  iivMi  vi u  Copper  -James 

from  the  Stripper  return  launder.  He  takes  these  samples  in 
separate  leaden  juga  and  carries  them  over  to  the  laboratory, 
where  they  are  analyzed  during  the  day  and  a  report  rendered 
to  the  tank-house. 

A  recording  Bristol  thermometer  records  the  temperature 
of  the  solution  at  the  point  where  it  leaves  the  heating  tanks. 
A  leaden  tube  runs  from  the  thermometer  into  the  pipe  leading 
from  heating  tanks  Nos.  3  and  4.  The  principle  is  the  same 
as  that  of  a  recording  pressure  gauge.  The  column  of  gas  in 
the  tube  (supplied  with  thermometer)  acts  upon  an  elliptical 
spring  which  controls  the  temperature  recording  arm,  while 
the  clock  mechanism  carries  a  circular  record  card  through  the 
24-hour  cycle.  The  pump-man  watches  the  thermometer,  and 
maintains  the  temperature  as  closely  as  possible  to  145  °  F. 
by  giving  a  turn  more  or  less  on  the  exhaust  steam  feed  to  the 
heating  coils.  This  steam  is  normally  under  5  to  8  lb.  pressure. 
If  under  greater  pressure  than  this,  it  will  not  completely 
condense  in  the  coils,  and  there  will  be  a  waste  of  steam  where 
it  emerges  in  the  hot  water  storage  tanks.  It  will  also  increase 
the  danger  of  breaks  in  the  coils.  This  is  a  point  that  the 
pump-men  must  watch  closely.  The  vacuum  pumps  drawing 
off  the  condensed  water  must  be  kept  working  steadily,  or  if 
out  of  repair,  the  reserves  must  be  promptly  put  in.  Failure 
to  do  this  will  be  liable  to  break  a  coil  in  15  or  20  minutes, 
causing  expensive  repairs  and  delays.  Solution  which  gets 
into  the  coils,  travels  to  the  storage  tanks  and,  if  not  checked, 
will  go  through  the  iron  pipes  to  the  wash-boxes  with  their 
brass  connections.  The  water  is  tested  for  acid  at  the  storage 
tanks  every  two  hours  with  methyl  orange.  Solution  in  the 
condensed  water  can  also  be  detected  by  its  green  colour. 

The  electric  pumps  give  very  little  trouble.  In  case  of 
repair,  the  solution  can  be  sent  to  the  duplicate  heating  tank 
alongside,  which  has  its  own  pump.  The  vacuum  pump  for 
condensed  water  may  be  connected  to  either  tank,  but  not  so 
the  electric  pumps,  except  for  the  stripper  heating  tank. 

There  is  an  extra  vacuum  pump  at  the  south  side  which 
takes  the  condensed  water  from  the  blower  coils.  It  also 
takes  the  condensed  water  from  the  exhaust-steam  heater  near 
the  middle  of  the  cellar,  which  heats  water  for  the  wash-rooms 
and  may  also  heat  water  for  cathode  wash  boxes,  if  needed. 
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This  pump  sends  its  water  to  a  barrel  over  the  storage  tanks, 
from  which  a  line  leads  to  the  boiler  house.  There  the  water 
may  be  used  as  feed  water.  If,  however,  any  heating  tank 
condensed  water  is  connected  to  this  pump,  the  line  to  the  boiler 
house  must  be  promptly  closed,  as  there  is  then  a  danger  of 
contamination  by  .acid,  with  consequent  serious  damage  to 
boilers  and  iron  pipes.  In  this  case  the  barrel  will  overflow 
into  the  storage  tank. 

When  the  bluestone  plant  is  operating,  No.  4  settling  tank 
is  used  as  a  solution  storage  tank  for  the  evaporator.  It  is 
filled  from  the  head  tanks  or  by  the  silver-building  return. 
The  solution  is  then  pumped  over  as  required  to  the  evaporator 
tank  outside,  by  means  of  a  steam  syphon. 

All  through  his  shift,  the  pump-man  patrols  the  pump- 
house.  The  height  of  the  solution  in  the  heating  tanks  is 
constantly  changing,  especially  during  the  day,  when  sections 
are  being  pulled.  In  case  of  a  partial  shut-down  (for  repair 
of  pipes,  valves,  etc.,)  the  circulation  to  that  quarter  of  the 
house  is  stopped  by  putting  in  the  plug  in  the  head  tank,  first 
pulling  the  plug  leading  to  the  opposite  side  of  house.  Thus 
the  circulation  to  one  side  is  stopped  and  to  the  other  side  is 
doubled.  A  bleed  pipe  in  the  feed  to  the  side  shut  down  is 
opened  to  relieve  any  pressure.  A  shut  down  causes  rapid 
fluctuation  in  the  heating  tanks,  which  have  to  be  closely 
watched.  If  solution  gets  too  low  the  pumps  will  pound  and 
heavy  strains  will  be  put  on  the  bare  coils. 

The  stripper  sections. 

All  the  starting  sheets  used  are  produced  in  the  stripper 
sections  Nos.  30  and  32.  These  sections  each  contain  38  tanks, 
or  6.25  per  cent  of  all  the  tanks  in  the  tank-house.  The 
spacing  between  the  electrodes  is  a  little  wider  than  in  the 
regular  tanks,  in  order  to  get  a  smoother  and  cleaner  deposit. 
Twenty-eight  anodes  and  twenty-seven  blanks  are  used.  This 
fact,  together  with  increased  glue,  increases  the  resistance  in 
these  tanks;  so  that  the  tank  voltage  is  higher.  At  present 
the  voltage  is  about  0.35  to  0.37  per  tank. 

The  current  density  in  the  stripper  sections  should  not 
be  less  than  about  18  amps,  per  sq.  ft.,  to  get  starting  sheets 
of  the  right  weight,  nor  should  it  be  greater  than  21  or  it  will 
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cause  a  rough  deposit.  At  present  the  current  on  this  circuit 
No.  4  is  kept  at  10,500  amperes.  The  two  end  sheets  in  each 
tank  are  commercial  cathodes,  27  stripper  blanks  being  used. 
With  28  anodes  the  current  density  is  thus:  10,500  -=-  (3  x  3 
x  3  x  28)  =  20.8  amps,  per  sq.  ft. 

The  electrolyte  must  be  kept  as  pure  as  possible.  Its 
average  composition  is  10.5  per  cent  free  acid,  3  per  cent  cu. 
and  0.3  per  cent  Ni.  Impurities  are  disposed  of  when  necessary 
by  running  some  of  the  return  solution  into  the  return  launder 
of  No.  29  section  (regular  depositing  section).  The  solution 
from  the  tanks  overflows  through  leaden  screens.  These  are 
necessary  because  scrap,  waste,  dirt,  etc.,  from  the  stripper 
benches  would  be  very  apt  to  choke  the  pipes.  City  water, 
60  °B  acid  and  bluestone  are  added  to  make  new  solution. 
Condensed  water,  with  its  unknown  and  variable  oil  content, 
is  never  used  in  the  stripper  solution. 

The  stripper  anodes  are  made  from  the  purest  pig-copper 
available  and  are  specially  refined  in  the  anode  furnaces. 
They  are  made  about  2  in.  larger  either  way  than  the  regular 
anodes,  in  order  to  give  a  good  and  even  deposit  on  the  sides 
and>  bottom  edge  of  the  cathode.  They  are  about  \%  in. 
thick  and  weigh  625  to  675  lb.  The  tanks  in  sections  30, 
31  and  32,  are  made  a  couple  of  inches  deeper  than  the  regular 
tanks.  The  anode  scrap  in  the  stripper  sections  runs  from 
35  to  40  per  cent  (of  original  anode  weight)  as  against  13  to 
17  per  cent  in  regular  sections.  The  stripper  anodes  are  not 
allowed  to  run  scrappy  on  account  of  the  danger  of  short 
circuits  and  uneven  deposits.  The  heavy  scrap  is  fed  to 
No.  31  section,  which  is  always  running  on  scrap.  Heavy 
scrap  from  regular  sections  is  also  used  in  this  section  as 
required.  This  section  is  daily  disturbed  by  feeding  in  scrap 
and  naturally  shows  a. lower  ampere  efficiency  (about  2  to  3 
per  cent)  depending  on  current  density. 

The  starting  blanks  are  made  of  hard,  cold-rolled,  polished 
copper  7-64  in.  thick,  and  are  riveted  to  the  cross  rods.  Near 
the  side  and  bottom  edges,  grooves  1-32  in.  deep  and  1-16  in. 
wide,  mark  off  the  size  of  starting  sheet  required.  Because 
of  the  break  in  the  lines  of  crystallization  at  these  grooves, 
the  deposited  copper  easily  parts  there,  thus  easing  the  work 
of  stripping  the  sheets  and  removing  scrap  from  the  edges. 
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Before  being  put  in  the  tanks  the  stripper  blanks  are  given  a 
thin  coat  of  oil,  which  allows  the  deposit  to  strip  easily  from 
the  blank.  This  oil  is  composed  of  3  gal.  of  gasoline  to  J^  gal. 
of  slushing  oil.  The  bottom  edge  is  painted  with  a  mixture 
of  1  part  black  asphalt  paint,  4  parts  of  engine  oil  and  4  parts 
of  slushing  oil.  The  paint  causes  a  soft  and  loose  deposit. 
When  a  stripper  is  first  put  into  service  it  has  to  be  carefully 
prepared.     It  is  first  hung  in  the  solution  for  a  few  minutes 


a- 
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Fig.  6 
Stripping  Knife 


to  dissolve  the  oxides.  Afterwards  it  is  scoured  and  polished 
with  successively  finer  grades  of  sandpaper  from  No.  2J^  to 
No.  0.  The  sandpaper  is  moved  from  the  top  of  the  blank 
to  the  bottom,  because  the  copper  crystals  tend  to  deposit 
themselves  in  that  way,  as  may  be  seen  by  looking  at  any 
cathode.  Scratches  in  other  directions  tend  to  give  a  rough 
deposit.  The  blank  is  tried  and  the  process  repeated  until  a 
satisfactory  deposit  is  obtained. 

A  stripper  gang  consists  of  three  men,  one  hoister  and 
two  strippers.  The  stripping  is  done  on  benches  which  move 
on  rails  over  the  stripper  sections.    The  hoister  lifts  the  sheets 
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out,  oils  the  triangular  bar.  hangs  the  stripped  blanks,  and 
piles  the  sheets  ready  for  removal  by  crane.  The  strippers 
strip  off  the  sheets,  oil  the  edges  and  paint  the  bottom,  and 
shine  the  lug  of  the  blanks.  The  stripping  knives  are  of  steel 
as  shown  in  sketch  (Fig.  6).  The  scrap  edges  are  packed  in 
bales  and  sent  to  the  wirebar  furnaces,  along  with  clean  nodules 
and  cathode  scrap  from  regular  sections.  One  gang  strips 
12?3  tanks  or  342  plates  per  shift.  For  full  capacity  6  to  7 
gangs  are  used.  Stripping  is  heavy  work  and  the  strippers 
are  allowed  to  complete  a  shift  in  7  hours  with  pay  for  8  hours 
The  sheets  are  stripped  every  24  hours. 

Addition  agents. 

Glue,  oil  and  salt  are  added  daily  to  the  regular  solution. 
Glue  and  salt  are  added  to  the  stripper  solution  but  more  than 
enough  oil  goes  in  on  the  stripper  blanks.  The  purpose  of 
the  oil  is  to  smooth  the  copper  deposit  and  flatten  out  nodules, 
spirals,  etc.,  which  form  on  the  surface  of  the  cathodes.  These 
nodules  are  thought  to  be  caused  largely  by  metallic  lead  or 
lead  carbonate  from  the  condensed  water  which  comes  from 
the  lead  heating  coils,  or  by  finely  divided  lead  sulphate. 
Any  holes,  scratches,  or  adhering  dirt  will  also  be  liable  to 
cause  them.  The  explanation  of  the  action  of  the  oil  is  said 
to  be  that  the  change  in  surface  tension  of  the  solution  caused 
by  even  minute  quantities  of  oil,  probably  causes  surface 
phenomena  at  the  cathode,  influencing  the  occlusion  and 
dissolving  of  gases  at  and  in  the  deposit,  thus  changing  its 
nature.  When  the  solution  is  very  high  in  oil,  the  copper  has 
an  oily  appearance;  also  disturbances  may  be  caused  at  the 
anode.  If  the  anodes  are  knocked  (by  a  section  rod,  for 
instance)  bubbles  will  rise  to  the  surface  and  th^se  bubbles 
carry  some  slime  with  them.  (This  is  identically  the  same 
thing  that  happens  in  a  flotation  machine  where  the  oil  enables 
a  heavy  formation  of  bubbles  to  carry  the  mineral  particles 
to  the  surface  of  the  cells.)  A  bad  effect  of  the  oil  is  to  make 
the  deposit  brittle  and  rotten,  especially  at  the  edges.  This 
effect  is  counteracted  by  addition  of  glue.  The  glue  causes 
smaller  crystals  and  a  firmer  grained  deposit.  It  tends  to 
bring  the  crystals  together  making  the  deposit  tough  and 
malleable.  At  the  same  time  the  smoothening  effect  of  the 
oil  is  maintained. 
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The  stripper  solution  requires  far  more  glue  than  the 
regular  solution,  owing  to  the  large  amount  of  oil  introduced 
on  the  stripper  blanks.  Also,  the  starting  sheets  must  be 
very  tough,  in  order  to  withstand  punching  for  loops  and  general 
rough  handling.  The  character  of  the  deposit,  with  the  amount 
of  oil  and  glue  required,  is  ascertained  every  day  by  hanging 
sample  sheets  in  the  tanks.  These  samples  are  strips  about 
3  in.  by  15  in.  cut  from  good,  smooth  starting  sheets.  Sixteen 
of  them  are  distributed  through  the  tank  house  on  the  youngest 
sections.  They  are  hung  at  8  a.m.,  and  are  left  for  24  hours. 
The  plates  should  strip  easily  on  account  of  the  thin  film  of 
oil  left  from  the  stripper  blanks.  The  deposit  should  be  so 
tough  that  it  will  stand  bending  back  and  forth  two  or  three 
times  without  breaking.  If  it  is  rotten  and  breaks  easily 
there  is  not  enough  glue,  or  if  the  deposit  looks  satisfactory  in 
all  other  respects  there  is  too  much  oil.  Plenty  of  oil  will  give 
the  deposit  a  whitish  colour;  glue  causes  a  pinkish  satin  colour. 

Salt  (NaCl)  is  added  to  throw  down  antimony  as  oxy- 
chloride  and  to  prevent  any  possible  solution  of  silver.  Too 
much  salt  must  be  avoided  as  it  is  liable  to  cause  a  rotten, 
rough  deposit  on  the  cathodes.  The  pump-man  makes 
additions  of  oil  and  glue  at  7  a.m.,  and  3  p.m.  Additions  of 
glueare  more  necessary  during  the  daytime,  because  the  starting 
sheets  being  charged  to  the  sections  have  then  a  thin  film  of 
oil.  Also,  in  the  strippsr  sections  the  stripper  blanks  have  a 
coating  of  oil.  The  oil  is  added  to  water  in  a  barrel  and  emul- 
sified by  leading  live  steam  into  it  and  then  trickles  slowly 
into  the  return  solution  launder,  thus  obtaining  a  fairly  even 
distribution. 

The  glue  is  mixed  with  a  little  cold  water  in  a  pail  and 
allowed  to  stand  at  least  a  couple  of  hours,  to  gelatinize. 
Hot  water  is  then  added  (steam  would  make  glue  rancid)  and 
the  mixture  is  put  in  a  large  barrel  of  water,  whence  it  trickles 
slowly  into  the  circulation. 

Salt  is  simply  dissolved  in  cold  water  in  a  barrel,  and  the 
brine  is  run  in  slowly  from  a  tap.  The  average  additions  per 
24  hours  during  August,  1922,  (average  current  density  18 
amps,  per  sq.  ft.)  were  as  follows: 

Glue  Oil  Salt 

Regular  (about  117,670  cu.  ft.) 620  gm.  6.2  gal.  27.2  lb. 

Stripper  (about  8,970  cu.  ft.) 4.7  lb.  1.55  lb. 
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There  waa  also  added,  during  the  same  month,  220,000  lb. 
of  60°  Beaum6  sulphuric  acid  to  the  regular  and  29,400  lb. 
to  the  stripper  solution.  No  bluestone  was  added.  The  oil 
used  is  filtered,  reclaimed  engine  oil.  The  glue  is  powdered, 
and  should  be  free  from  lime,  since  CaS04  is  not  desired  in 
the  solution. 

Lead  furnace  and  "stick-ash." 

In  the  yard  just  outside  the  tank  house  is  the  lead  furnace, 
a  small  brick  furnace,  with  a  round  cast  steel  pot.  All  lead 
scrap  from  the  tank-house  and  plant  is  melted  down  here. 
The  lead  is  melted,  then  skimmed  and  ladled  by  hand.  It  is 
cast  into  bars  in  iron  moulds.  As  the  lead  heats  up,  the 
surface  of  the  bath  goes  through  the  following  colour  changes: 

1  —  White 

2  —  Straw  (proper  condition  for  casting) 

3  —  Blue 

4  —  Yellow  (litharge  forms  on  top) . 

The  tank-house  refuse,  such  as  waste,  capping,  old  flooring 
and  launders,  is  used  as  fuel.  All  of  this  material  carries 
values  in  gold  and  silver.  Such  as  cannot  be  burned  in  the 
furnace  is  burned  in  a  heap  on  the  ground.  The  residue 
consists  of  ash,  pieces  of  lead,  nails,  copper,  etc.,  is  finer  than 
30  mesh  and  is  called  "stick- ash". 
An  analysis  showed : 

Au      3.52  oz.  per  ton  Fe 4.03  per  cent 

Ag  117.5    oz.  per  ton  CaO 3.04  per  cent 

Cu     24.16  per  cent  S 5.06  per  cent 

Insol. .  .  .23.69  per  cent 

This  ash  is  not  wanted  in  the  anode  furnace  for  it  delays 
the  charge,  and  it  is  not  wanted  in  the  smelter  because  it  goes 
up  the  flue.  It  is  disposed  of  by  mixing  with  the  bad  sponge 
copper  from  the  nickel  liberators,  adding  sulphuric  acid  to 
make  a  binder  with  the  lime.  The  resulting  material  is  very 
hard  and  has  to  be  broken  with  a  pick.  It  is  then  sent  to  the 
smelter. 

The  liberators. 

Impurities  dissolved  in  the  electrolyte  from  the  copper 
anode  include  As,  Ni,  Co,  Fe,  Sb,  and  Bi.  When  these 
are  high  they  are  removed  by  discarding  a  percentage  of  the 
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electrolyte  each  day.  They  cannot  be  allowed  to  accumulate 
indefinitely,  or  they  would  foul  the  cathode  copper  and  increase 
the  power  cost  by  increasing  the  resistance.  Nickel  is  the 
chief  offender  in  this  way.  Arsenic  in  particular,  if  allowed 
to  plate  on  the  cathode,  will  greatly  lower  the  conductivity 
(about  1  per  cent  per  0.001  per  cent  As). 

Before  the  solution  is  thrown  out  it  is  treated  to  recover 
the  copper.  This  is  done  by  passing  the  solution  through 
depositing  liberator  tanks  with  hard  lead  anodes  and  copper 
cathodes.  Copper  is  plated  out  on  the  cathodes,  and  the 
S04  ions  unite  with  the  hydrogen  of  the  water,  liberating 
oxygen  at  the  anode.  Due  to  the  chemical  dissolving  of  the 
anode  copper  the  concentration  of  copper  may  exceed  3  per 
cent.  Inside  or  reducing  liberators  are  needed  to  counteract 
this. 

The  sulphuric  acid  is  electrolysed  to  some  extent, 
generating  hydrogen  at  the  cathode  and  oxygen  at  the  anode. 
Arsenic  compounds  are  reduced  to  arsene  (AsH3),  a  poisonous 
gas,  which  escapes  into  the  air.  Because  of  the  inflammable 
nature  of  the  mixture  of  these  gases  with  air,  these  liberators 
are  placed  outside  under  a  shed.  The  fumes  are  dangerous 
to  breathe.  To  keep  down  the  gases  and  spray,  the  solution 
in  the  tanks  is  covered  with  a  layer  of  filtered,  reclaimed  engine 
oil,  which  is  cheap  and  satisfactory. 

The  copper  deposit  is  of  a  poor  quality,  and  gets  poorer 
towards  the  last  tanks  in  the  cascade.  From  the  first  two 
tanks  it  may  be  used,  with  care,  in  the  refining  furnaces,  but 
in  the  last  tanks  it  is  only  a  loose  spongy  deposit  consisting 
of  about  60  per  cent  Cu,  5  per  cent  As,  and  30  -  35  per  cent 
moisture.  This  is  scraped  off  the  starting  blanks  and  mixed 
with  "stick-ash"  and  sent  to  the  smelter.  The  starting  blanks 
for  this  work  are  stiff  copper  plates  riveted  to  the  cross  rods. 

The  outside  liberator  tanks  are  eight  in  number,  two 
tanks  side  by  side  and  four  tanks  in  cascade.  The  voltage 
required  is  2  volts  per  tank.  The  solution  going  to  waste  is 
sampled  at  intervals  of  2  hours  and  a  composite  sample  for 
the  24  hours  is  analyzed.  The  copper  content  of  the  outflow 
runs  from  0.001  to  0.05  per  cent.  The  volume  of  the  outflow 
is  measured  in  a  tank  for  two  hours  twice  a  day,  and  the  volume 
for  the  day  is  calculated.    The  volume  of  solution  sent  to 
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waste  in  August,  1922,  was  39,545  cu.  ft.,  or  an  average  of 
39,545  4-  (117,760  X  31)  =  1.06  per  cent  of  the  regular  elec- 
trolyte per  day.  When  the  tank-house  electrolyte  is  high  in 
copper  and  not  too  high  in  impurities,  the  outside  liberators 
are  run  on  regular  electrolyte  with  an  increased  rate  of  circula- 
tion and  produce  good  commercial  copper.  The  copper  con- 
tent is  high  enough  to  give  a  good  deposit,  and  the  electrolyte 
is  returned  to  the  tank-house  circulation. 

There  are  also  two  liberator  units  inside  the  tank-house. 
These  have  six  tanks  each.  No.  2  liberator  is  on  No.  2  elec- 
trical circuit,  No.  3  liberator  on  No.  3.  The  outside  liberators 
are  on  No.  4  circuit,  as  shown  in  Fig.  2.  The  inside  liberators 
produce  only  good  commercial  copper.  They  have  insoluble 
hard  lead  anodes,  and  are  put  in  circuit  to  reduce  the  copper 
content  of  the  solution  when  it  gets  above  3.1  per  cent.  The 
voltage  required  is  2  volts  per  tank.  The  solution  to  be 
sent  through  the  outside  liberators  and  discarded  is  taken 
from  sections  Nos.  25  and  27,  the  segregating  sections. 

The  following  is  taken  from  H.  M.  Green's  report  on 
these  tanks,  dated  July  25,  1922: 

"The  object  of  the  segregating  tanks  is  to  reduce  the 
copper  concentration  of  the  electrolyte  discarded  through  the 
outside  liberators  to  as  low  a  value  as  is  commensurate  with 
a  cathode  deposit  suitable  for  charging  into  the  wire  bar 
furnace.  By  using  soluble  anodes  to  deplete  the  electrolyte  of 
copper,  the  power  consumption  is  from  10  per  cent  to  15  per 
cent  of  what  it  would  be  with  the  insoluble  anodes  in  the 
outside  liberators." 

The  method  of  operation  depends  on  the  fact  that  given 
an  acidulated  mixture  of  copper  and  nickel  sulphates,  the 
tendency  is  for  the  copper  constituent  to  segregate  towards 
the  bottom  of  the  tank  and  thereby  produce  at  the  bottom 
a  stratified  layer  of  more  concentrated  copper  solution.  In 
these  particular  tanks,  the  bottom  nests  of  No.  25  and  No.  27 
sections  (19  tanks  in  each  nest  or  a  total  of  38  tanks),  the 
regular  tank-house  electrolyte  enters  the  tanks  near  the 
bottom  as  is  the  adopted  practice,  but  instead  of  leaving  the 
tanks  by  an  overflow  at  the  top,  about  90  per  cent  of  the 
quantity  leaves  through  an  opening  near  the  bottom  at  the 
opposite  end  from  where  it  enters.     (See  Fig.  7).    The  other 
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10  per  cent  of  the  electrolyte  gradually  finds  its  way  to  the  top 
of  the  tank  where  it  outflows  through  a  small  round  orifice, 
the  size  of  which  has  to  be  determined  according  to  the  existing 
conditions  of  current  density,  rate  of  flow,  copper  content  of 
inflowing  electrolyte,  etc.  As  a  result  of  the  decreased  rate 
of  flow  near  the  top  of  the  tank  the  copper  is  plated  out  of  the 
electrolyte,  on  the  cathode,  at  a  faster  rate  than  copper  is 
dissolved  from  the  anode  and  is  brought  to  the  surface  of  the 
cathode.  Incidentally,  the  copper  dissolved  from  the  anode 
is  allowed  a  longer  interval  in  which  to  segregate  towards  the 
bottom  of  the  tanks. 

The  net  result  is  that  the  copper  concentration  of  the 
electrolyte  outflowing  through  the  orifice  near  the  top  of  the 
tanks  is  far  less  than  that  outflowing  at  the  bottom.  The 
limiting  minimum  values  of  the  copper  concentration  has  been 
found  in  practice  to  be  from  10  to  12  grams  per  litre  or  approxim- 
ately a  1  per  cent  copper  solution.  Below  this  value  the 
cathode  deposit  becomes  non-adhering,  very  dark,  coloured 
and  coarse  grained.  Should  there  be  an  appreciable  amount 
of  arsenic  in  solution  it  will  start  to  plate  out  on  the  cathode, 
and  wirebar  cast  from  such  cathodes  will  not  come  up  to 
specifications  as  regards  electrical  conductivity. 

The  nickel  concentration  in  the  outflowing  solution  remains 
practically  unchanged,  consequently  the  ratio  of  the  copper 
to  the  nickel  in  the  top  circulation  outflow,  which  is  delivered 
to  the  outside  liberator  tanks,  is  about  lA  of  what  it  is  before 
flowing  through  the  segregating  tanks.  In  other  words,  for 
a  given  volume  of  solution  treated  in  the  outside  liberators, 
three  times  as  much  nickel  is  eliminated  for  the  same  amount 
of  power  expended  in  copper  deposition  as  would  be  the  case 
were  the  electrolyte  not  first  run  through  the  segregating  tanks. 
The  same  principle  of  stratification  would  be  applicable  for 
the  elimination  of  zinc  or  iron  from  an  acidulated  copper 
sulphate  electrolyte. 

Below  are  given  the  values  of  the  various  factors  as  they 
exist  under  normal  current  operating  conditions  at  the  Chrome 
tank-house: 
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Electrolyte 

Inflow  to 

bottom  from 

top  nest 

Outflow  from 

bottom  to 
return  launder 

Outflow  from 
top  to  outside 
liberator 

Specific  gravity 

1.22 
140°  F. 
137 
38.0 
20.0 
3.5 

1.23 
139°  F. 
136 
39.0 
19.7 
3.2 

1.18 

Temperature 

122°  F. 

Assay  in  grams      [Acid 
per  litre           \  Copper 
(Nickel 
Rate  of  flow  (gals,  per  min.) 

160 
14.0 
20.9 
0.30* 

Current  through  tank  —  10,500  amperes. 

Corresponding  current  density  —  10.5  amps,  per  sq.  ft. 

*The  orifices  corresponding  to  the  above  data  were  l/i  in. 
diameter  and  were  located  about  1  l/i  in.  below  normal  solution 
level  of  the  tanks.  The  38  tanks  can  treat  under  above 
conditions : 


38  X  0.3  X  60  X  24 


7.45 


=  2,200  cu.  ft.  per  day. 


This  corresponds  to  about  2  per  cent  of  the  total  regular 
tank-house  electrolyte  in  circulation. 

In  studying  the  above  data  it  may  be  readily  seen  why  the 
specific  gravity  of  the  outflowing  solution  from  the  bottom  of 
the  segregating  tanks  is  slightly  greater  than  that  of  the 
inflowing  solution. 

Another  noteworthy  feature  is  the  temperature  of  the 
top  layer  of  electrolyte  which  is  decidedly  lower  than  that 
flowing  from  the  bottom  of  the  tank.  This  factor  plays  a 
very  important  role  in  the  successful  application  of  this  segreg- 
ating phenomenon  to  an  electrolytic  process;  inasmuch  as  the 
added  resistance  of  the  electrolyte,  due  to  its  lower  temperature, 
tends  to  counteract  the  lower  resistance  which  results  from  the 
increased  acid  concentration  of  the  top  circulation.  If  it  were 
not  for  this  counteracting  effect  the  lower  resistance  caused 
by  the  increased  acid  would  result  in  a  larger  proportion  of  the 
current  passing  between  the  anode  and  cathode  through  this 
top  layer,  which  in  turn  means  an  increased  current  density 
along  the  top  edge  of  the  cathodes.  An  increased  current 
density  would  produce  a  rougher  and  more  spongy  deposit 
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with  the  added  disadvantage  that  the  tendency  to  plate  out 
on  the  cathdde  any  arsenic,  which  might  be  in  the  solution, 
would  be  proportionately  increased. 

The  orifices  for  taking  the  top,  partially  depleted  circula- 
tion, are  placed  at  a  level  sufficiently  low  to  assure  an  outflow 
at  all  times  in  spite  of  the  more  or  less  fluctuating  height  of 
the  solution  in  the  depositing  tanks.  Considerable  care  is 
required  to  determine  the  proper  size  and  position  of  the 
orifice  to  suit  any  given  set  of  conditions.  Then  having  once 
obtained  the  proper  orifice  it  is  most  essential  to  uniformly 
maintain  all  the  contributing  factors  such  as  rate  of  flow, 
concentration  of  inflowing  electrolyte  and  current  density. 
If  this  is  not  done  the  results  are  very  apt  to  be  unsatisfactory. 
However  with  a  little  care  good  results  are  obtainable.  It  has 
been  found  advisable  to  hang  a  perforated  lead  screen  in  front 
of  the  orifices  in  order  to  lessen  the  tendency  for  them  to 
become  clogged  by  small  floating  particles  of  mould  wash, 
wood,  waste,  etc." 

The  segregated  solution  flows  down  to  an  "air-lift"  in 
the  cellar.  This  air-lift  pumps  the  solution  to  the  head  tank 
of  the  outside  liberators.  The  air-lift  consists  essentially  of  a 
pressure  chamber  with  inlet  and  outlet  lines  controlled  by 
rubber  ball  foot-valves.  A  wooden  float  controls  a  valve  for 
admitting  air  at  a  pressure  of  about  35  lb.  per  sq.  in.  As  the 
solution  rises  in  thB  pressure  chamber  it  carries  the  float  up- 
wards, opening  the  air  valve.  Pressure  builds  up,  and  closes 
the  inlet  valve,  opens  the  outlet  and  forces  the  solution  up 
into  the  head  tank.  Inside  the  chamber  the  solution  level 
falls,  lowering  the  float  and  shutting  off  the  air.  Pressure 
of  solution  in  the  inflow  line  again  opens  the  inlet  valve  and 
back  pressure  closes  the  outlet  valve.  Then  the  chamber 
begins  to  fill  again.  The  action  is  thus  intermittent  and 
automatic.     (See  Fig.  8). 

The  flow  through  the  outside  liberators  when  running  on 
segregated  solution  is  kept  at  5  to  6  gal.  per  minute,  and  is 
increased  to  7  to  8  gal.  per  minute  when  making  good  liberator 
copper.  In  the  latter  case  regular  electrolyte  is  used  and  is 
returned  to  the  tank  house  circulation.  Good  liberator  copper 
is  pulled  in  about  ten  days,  while  bad  liberator  copper  from 
segregated  solution  is  pulled  every  5  to  8  days  according  to 
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the  current  density.  The  liberator  tanks  develop  a  considerable 
back  E.M.F.  on  account  of  the  gases  occluded  by  the  electrodes. 
The  lead  anodes  covered  with  peroxide  and  the  cathodes  covered 
with  mud  will  store  up  a  large  amount  of  gas  and  build  a  very 
high  potential.  For  this  reason  the  liberators  cannot  be  cut 
out  in  one  step.  The  heavy  sparking  would  cause  both  injury 
and  fire,  and  the  back  E.M.F.  might  even  reverse  the  electro- 
magnetic field  of  the  generators.  Therefore  the  bus  bars  are 
shunted  by  "iron  resistors"  of  about  half  the  resistance  of 
the  tanks.  To  cut  out  the  liberators,  this  resistor  is  connected 
by  a  copper  lock.  Then  the  cathodes  are  insulated  one  by 
one  from  the  bus  bars  by  small  wooden  blocks.  The  regular 
copper  lock  is  then  put  on  the  bus  bars.  To  cut  the  tanks 
in  again  the  process  is  reversed. 


Fig.  8.     Diagram  of  Air  Lift. 
Incoming  Solution  raises  float  (a),  admitting  air  under  35  lb.  pressure 
at  (b).     Pressure  in  cylinder  (f )  closes  inlet  valve   (c)   and  opens  outlet 
valve  (d).     Solution  is  forced  out  until  float   falls,   air  is  cut  off  and  in 
flow  at  (c)  is  resumed. 


The  bluestone  plant. 

When  there  is  a  good  market  demand  for  bluestone,  a 
portion  of  the  electrolyte  is  sent  to  the  bluestone  plant,  where 
the  copper  content  is  recovered  in  the  form  of  bluestone  before 
the  solution  is  discarded.  At  present  there  is  none  produced 
for  outside  use,  but  enough  is  made  to  make  up  new  solution 
in  stripper  sections  where  necessary.  If  copper  is  high  in 
the  regular  electrolyte  and  it  is  desired  to  save  the  free  acid, 
the  depleted  solution  from  the  bluestone  plant  may  be  sent 
through  the  outside  liberators  and  returned  to  the  tank-house. 
The  blustone  plant  consists  essentially  of  a  large  shallow 
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evaporating  tank  heated  by  steam  coils,  and  crystallizing  tanks 
where  blue-lone  is  deposited  Oil  lead  and  copper  rods.  The 
evaporator  measures  24  it.  by  18  ft.  by  3  ft.  deep.  It  is  heated 
by  14  1-in.  steam  coils  laid  along  the  floor  of  the  tank.  The 
pressure  of  the  exhaust  si  earn  used  is  from  15  to  20  lbs.  Regular 
solution  is  brought  over  by  steam  syphon  from  No.  4  storage 
tank.  It  is  run  in  until  the  evaporator  is  filled  to  a  depth 
of  15  to  20  in.  Steam  is  turned  on  and  the  solution  is  allowed 
to  evaporate  until  it  reaches  a  specific  gravity  of  32° 
Beaume.  This  takes  about  30  to  60  hours  depending  on 
weather  conditions.  When  of  the  right  specific  gravity  the 
solution  is  dropped  to  three  crytallizing  tanks.  These  tanks 
measure  11  ft.  by  43  in.  by  43  in.  They  support  wooden 
beams,  from  each  of  which,  spaced  at  regular  intervals,  hang 
8  copper  rods  Yi  in.  sq.  and  40  in.  long. 

When  the  solution  leaves  the  evaporating  tanks  it  is  at 
a  fairly  high  temperature  (170  deg.  to  190°  F.)  from  contact 
with  the  steam  coils.  On  reaching  the  crystallizing  tanks  it 
cools  and  becomes  supersaturated  with  copper  sulphate,  which 
begins  to  crystallize  out  on  the  rods  and  on  the  sides  and 
bottom  of  the  tanks.  As  the  evaporation  goes  on  the  crystal- 
lization proceeds.  The  largest  and  best  formed  crystals  grow 
on  the  rods.  These  are  the  kind  that  are  in  commercial 
demand.  The  crystals  on  the  sides  are  also  large  and  good. 
All  these  crystals  are  scraped  off  and  packed  in  barrels.  The 
crystals  from  the  bottom  of  the  tank  are  much  smaller  and  are 
poorly  formed.  They  are  packed  separately  for  use  in  tank- 
house  electrolyte  when  required.  Crystals  for  the  trade  should 
be  crystallized  from  a  nearly  neutral  solution.  Generally  two 
recrystallizations  are  necessary.  The  solution  is  left  in  the 
crystallizing  tanks  until  it  reaches  a  temperature  of  70°  F. 
This  takes  5  to  8  days,  according  to  weather  conditions.  If 
concentrated  beyond  this  point  there  would  be  danger  of 
precipitation  of  arsenic  and  antimony  compounds,  contamin- 
ating the  bluestone.  The  solution  is  then  dropped  to  storage 
tanks,  from  where  it  can  be  pumped  by  steam  syphon  to 
liberator  head  tank  or  sent  to  the  sewer. 

Pulling  and  charging  of  a  section. 

The  sections  of  regular  copper  depositing  tanks  are  pulled 
on  a  regular  schedule,  compiled  for  a  couple  of  weeks  in 
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advance.  The  important  thing  is  to  pull  only  one  section 
per  day  in  each  aisle.  The  pulling  of  a  section  keeps  both 
the  cranes  of  the  aisle  busy.  On  stripper  days,  pulling  is 
started  extra  early  (4  a.m.)  and  the  scrap  section  No.  31  is 
pulled  on  the  same  day. 

In  this  work  there  are  two  phases:  (1)  End  of  first  run,  or 
"turn-back"  section,  when  anodes  are  washed  and  re-charged. 
(2)  End  of  second  run,  or  "scrap"  section,  when  anodes  are 
scrapped. 

For  a  turn-back  section  the  operations  are  briefly  as 
follows:  The  section  is  cut  out  of  circuit  by  the  circulator. 
Cathodes  are  pulled  from  the  tanks  by  one  of  the  Shaw  10- ton 
cranes,  starting  with  tanks  farthest  from  centre  aisle.  They 
are  carried  to  the  cathode  wash  boxes,  where  they  are 
thoroughly  washed  by  hot  water  from  hand  nozzles.  The 
other  crane  picks  the  cathode  copper  up  from  the  wash  boxes 
and  takes  it  to  the  centre  aisle,  where  it  is  loaded  on  steel  cars. 
It  is  then  pulled  out  by  electric  winch,  over  the  scales,  thence 
by  narrow  gauge  locomotives  to  the  wirebar  furnaces  in  the 
casting  building  nearby.  The  anodes  also  are  pulled  as  soon 
as  possible  from  the  first  three  tanks,  both  upper  and  lower, 
so  that  the  mud-men  may  get  started.  These  anodes  are 
washed  in  the  anode  wash  boxes  and  stored  in  racks  in  the 
centre  aisle.  The  solution  in  the  first  upper  and  lower  tanks 
is  siphoned  down  to  within  six  inches  of  the  bottom.  The 
mud-men  then  climb  into  the  tanks,  pull  the  plug  and  wash 
the  solution  and  slimes  into  the  mud  launder.  The  copper 
scrap  on  the  bottom  is  shovelled  into  a  pail.  When  the  tank 
is  clean,  they  syphon  the  solution  into  it  from  the  adjoining 
tank  by  steam  syphon  pump.  (See  Fig.  9).  More  anodes 
are  now  pulled  and  washed  without  removing  from  crane 
hooks.  The  crane  raises  and  lowers  them  once  through  the 
automatic  spray  of  the  anode  wash  boxes,  then  brings  them 
back  to  the  clean  tanks.  Finally,  the  six  loads  of  anodes  in 
the  racks  are  charged  to  the  last  tank  pulled.  Before  the 
anodes  are  again  charged  the  lugs  are  filed  and  oiled,  a  new 
triangular  bar  is  put  in  place,  the  capping  board  is  wiped  off 
and  the  bus  bars  are  sandpapered  and  oiled.  As  soon  as 
the  tanks  are  charged  with  anodes  the  sheet  hangers  start 
to  hang  the  starting  sheets.     The  sheets  are  either  punched 
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and  looped  in  the  aisle  and  handed  up  to  men  on  top,  or  are 
brought  over  in  portable  racks  by  the  crane  and  placed  on 
top  of  the  tanks.  The  loops  are  then  clamped  tightly  to  the 
cross  rods  by  tongs,  in  order  to  make  a  good  contact  and 
decrease  resistance.     The  anodes  and  sheets  are  lined  up  so 
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Fig.  9.     Steam  Syphon  Pump. 


as  to  be  equally  distant  from  the  edge  of  the  tanks.  In  the 
meantime  the  tanks  have  been  filling  up  with  solution  to 
nearly  the  normal  level.  Just  as  soon  as  all  sheets  are  in, 
clamped    and  lined,  and  all   contact   prsoperly  made,   the 
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section  is  cut  in.     Thus  the  section  is  pulled  and  charged  at 
the  same  time,  giving  a  minimum  of  depositing  time  lost. 

In  a  scrap  section  the  cathodes  are  usually  all  pulled 
before  the  anodes.  Then  one  crane  takes  the  anode  to  the 
washboxes,  while  the  other  crane  takes  the  washed  anodes 
to  the  cars  for  unloading.  If  heavy  scrap  anodes  are  required 
for  feeding  into  sections,  they  are  stored  in  racks,  or  may 
be  fed  directly  to  these  sections,  if  on  the  same  aisle. 

The  charging  machine  in  the  casting  building  has  a 
capacity  of  5,500  lb.,  and  takes  half  a  car  load  of  cathodes 
or  anodes  at  one  time.  Therefore  the  limiting  load  on  a  car 
is  11,000  pounds,  in  two  piles,  resting  on  the  steel  beams  of 
the  car.  As  the  charging  doors  of  the  furnaces  are  only  about 
32  in.  high,  the  piles  of  copper  should  not  be  more  than  26  in. 
high  or  about  20  to  25  cathodes  per  pile. 

The  average  time  taken  in  pulling  and  charging  sections 
over  a  period  from  January,  1921,  to  December,  1921,  was: — 


42  tanks 

38  tanks 

34  tanks 

Scrap 

Turnback 

Scrap 

Turnback 

Scrap 

Turnback 

Hours 

9.7 

5.5 

9.2 

5.2 

8.5 

4.7 

On  most  days  there  are  three  sections  pulled.  Two  sections 
will  be  started  early,  at  5.45  and  6.00  a.m.,  or  6.00  and  6.15  a.m. 
The  third  section  will  be  started  later,  about  9.00  to  10.00  a.m. 

After  the  section  is  cut  in,  it  is  left  for  about  20  minutes 
to  heat  the  sheets  (J^  to  %  hour  with  low  current  density). 
Then  the  section  men  go  over  it  feeling  for  hot  sheets  with 
their  fingers.  Hot  sheets  indicate  short  circuits.  The  section 
men  go  over  twice  in  this  way  without  delay.  Hot  sheets  are 
pulled  out  and  straightened.  Rough  edges  are  trimmed  off. 
Anodes  are  made  to  hang  straight  by  blocking  up  with  pieces 
of  copper  placed  under  the  lug  resting  on  the  capping  board. 
For  48  hours  after  charging,  and  during  the  36  hours  before 
pulling,  shield  risers  are  put  in  tank  overflows  to  raise  solution 
level   %  inch.     This  is  done  after  charging  to  thicken  the 


106  Ei  ectro]  vi  [<  Copper  -James 

loops  and  strengthen  them  against  oxidation  at  the  solution 
level  and  before  pulling  to  dissolve  bluestone  deposits.  After 
24  hours  (48  with  low  current  density)  the  sheets  are  flopped; 
Le.,  lifted  out  on  to  a  sheet  floppers'  bench  (see  Fig.  10)  and 
flattened  out  by  a  flat  wooden  mallet  or  dresser.  The  sheet 
floppers  change  the  end  sheets  so  that  these  sheets  shall  have 
at  least  some  deposit  on  both  sides.  After  flopping,  the  con- 
tacts are  oiled.  Oil  prevents  solution  from  getting  in  between 
the  contacts  and  then  crystallizing,  causing  high  resistance. 
Towards  the  end  of  the  second  run  a  section  man  goes  over 
the  scrap  section  lifting  the  anodes  with  a  hook.  If  they  are 
very  light  he  marks  them  with  chalk,  after  which  they  are 
replaced  by  heavy  scrap  brought  over  by  the  crane  gang. 

The  circulator's  duties. 

The  circulators  work  in  3  shifts  with  3  men  on  each  shift. 
One  man  takes  care  of  the  sections  at  the  south  end  of  aisles 
1,  2,  and  3,  another  the  sections  at  the  north  end  of  these 
aisles,  and  the  third  looks  after  the  whole  of  No.  4  aisle,  and 
the  inside  and  outside  liberators.  The  main  duty  of  the 
circulator  is  to  watch  the  circulation  through  the  tanks  and 
maintain  it  at  a  proper  and  uniform  rate.  The  rate  of  flow 
should  be  from  3  to  5  gallons  per  minute.  It  is  occasionally 
checked  up  by  noting  the  number  of  seconds  required  to  fill 
a  1-gal.  lead  container,  from  the  lower  hose.  This  test  is 
made  by  the  shift  foreman  and  a  circulator.  Ordinarily  the 
circulator  judges  the  flow  by  the  eye  and  regulates  it  by  the 
valve  on  the  feed  pipe  to  the  section. 

From  the  4-in.  feed  pipe  the  solution  passes  through  a 
%-in  hose  and  a  hard  rubber  gooseneck  into  the  lead  shield 
of  the  upper  tanks.  It  passes  down  through  the  shield  and 
enters  the  tank  3  in.  from  the  bottom.  It  overflows  at  the 
other  end  through  a  %-in.  hose  (13^  in.  on  some  sections) 
into  the  shield  of  the  lower  tank.  From  the  lower  tank  it 
overflows  through  a  %-in.  hose  and  a  straight  hard  rubber 
pipe  hanging  down  into  the  return  launder. 

A  growth  of  copper,  from  stray  currents,  tends  to  form 
in  all  small  hose,  pipes  and  in  the  shields.  This  impedes 
the  circulation  and  must  be  removed  frequently.     Antimony 
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compounds  (oxychloride  and  oxysulphate)  form  a  heavy 
deposit  in  the  hard  rubber  goosenecks  and  pipes,  and  in  the 
lead  shields  and  launders.    Bluestone  forms  on  the  middle 
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Fig.  10. 
Sheet  Floppers'  Bench. 

hose  and  lower  hose  where  there  is  a  splash  of  solution.  Dirt, 
scrap  copper,  waste,  etc.,  will  get  into  the  hose  and  plug  them. 
Therefore  the  circulator  regularly  has  to  shut  off  the  circulation 


408  Electrolytic  Copper    Jami ss 

and  take  off  the  hose  and  pipes  and  clean  them.  He  takes  a 
section  at  a  time,  cleaning  either  the  back  hose,  goosenecks 
and  shields,  or  the  lower  hose  and  return  launder.  The 
circulation  is  kept  off  for  as  short  a  time  as  possible,  to  avoid 
undue  cooling  of  the  solution. 

If  the  solution  in  a  tank  gets  very  cool,  the  resistance 
increases  and  the  voltage  rises  and  becomes  very  erratic. 
This  is  a  "crazy"  tank.  To  adjust  it  properly  again  it  must  be 
syphoned  down  and  filled  with  hot  solution.  A  section  should 
not  be  started  with  solution  colder  than  90°  F. 

The  middle  hose  are  removed  and  cleaned  when  the 
section  is  pulled.  Before  they  are  replaced  the  lead  nipple 
is  given  a  coat  of  gas-tar  paint  to  make  a  tight  joint.  When 
a  section  is  to  be  pulled  the  circulator  shines  the  cut-out  lock 
with  sandpaper.  At  the  proper  hour  he  takes  a  note  to  the 
power-house  stating  the  number  of  tanks  being  cut  out  and 
on  what  circuit.  He  then  goes  directly  to  the  section  and 
puts  on  the  lock,  wearing  goggles  to  protect  his  eyes  from 
flying  sparks. 

The  cranes  must  not  draw  copper  from  a  section  in  circuit, 
as  crane  hooks  would  form  a  short  circuit  and  cause  violent 
sparking  and  danger  of  fire,  and,  what  is  more  important,  the 
electrical  circuit  would  be  opened  and  this  might  result  in 
serious  damage  to  power-house  equipment. 

The  circulator  syphons  down  the  first  upper  and  lower 
tank  to  be  pulled  (those  furthest  from  the  centre  aisle).  He 
stops  the  circulation  on  those  tanks  about  to  be  pulled,  but 
not  too  far  in  advance,  or  the  slimes  on  the  tops  of  the  anodes 
would  dry  and  harden  and  be  difficult  to  wash  off.  As  the 
tanks  are  recharged  he  starts  the  circulation  again.  The 
circulation  of  a  tank  is  stopped  by  putting  a  copper  clamp 
on  the  back  hose.  He  sees  to  it  that  the  tanks  are  filled  up 
as  soon  as  possible  after  charging.  The  last  tank  is  filled  up 
by  a  l^-in.  hose  from  the  main  feed  line,  so  that  there  will 
be  no  delay  in  cutting  the  section  in.  He  enters  the  time  of 
cutting  in  and  out  in  the  section  book  at  the  office.  He 
leaves  the  shield  risers  in  for  48  hours  after  the  section  is 
charged,  then  takes  them  out.  He  puts  them  in  again  36 
hours  before  pulling. 
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When  the  mud-men  have  finished  the  tanks  they  go 
down  into  the  mud-chute  and  sweep  the  slimes  towards  the 
main  mud-launder.  The  circulator  sends  them  solution,  for 
washing  down,  in  a  lj^-in.  hose  from  the  feed  line.  The 
object  is  to  get  all  slimes  over  to  the  silver-building  without 
delay;  so  as  not  to  tie  up  values  and  increase  the  chances 
of  loss. 

When  copper  has  to  be  carried  over  another  section,  the 
circulator  places  2-in.  boards  over  the  triangular  bars  of  that 
section  before  the  time  for  pulling.  This  is  to  protect  the 
contacts  from  drip  of  solution. 

The  circulator  takes  the  temperature  of  his  sections  every 
two  hours  and  enters  it  in  the  temperature  book.  With 
solution  at  145°  F.  in  the  heating  tanks,  the  temperature 
at  the  middle  of  the  upper  tanks  will  be  about  136°  F.  and 
at  the  middle  of  the  lower  tank  about  132°  F. 

The  Pyne-Green  overflows  of  the  segregating  tanks  must 
be  watched  so  that  the  small  holes  do  not  get  plugged.  If  the 
upper  outlets  have  been  stopped  for  a  long  time  the  copper 
gets  black.  This  is  due  to  the  depletion  of  copper  ions  in  the 
upper  layers,  and  consequent  deposition  of  Sb.,  As.,  and  other 
compounds  on  the  cathode.  To  remedy  this  the  feed  is 
allowed  to  enter  at  the  surface  for  some  time  to  increase  the 
copper  content.  When  one  of  these  sections  is  cut  in  the 
overflows  are  plugged  for  the  first  three  hours  until  strat- 
ification has  taken  place. 

The  stripper  sections  also  must  be  carefully  watched. 
Ample  and  uniform  circulation  in  the  stripper  sections  is  of 
even  more  importance  than  in  the  regular.  At  the  same  time 
the  stripper  sections  are  more  liable  to  obstruction  because  of 
the  strippers  working  over  them.  The  lead  sieves  must  be 
kept  clean.  If  they  get  plugged  and  the  solution  level  is 
raised,  copper  will  deposit  around  the  upper  edge  of  the  blank, 
making  stripping  very  difficult.  On  afternoon  and  night 
shifts  and  Sundays,  when  the  cellar  men  are  out,  the  circulator 
inspects  the  cellar  under  his  sections  and  looks  for  leaks. 
Any  leaky  tank  is  marked  with  the  date  in  chalk  and  after- 
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wards  repaired  by  the  lead-burners.  Solution  or  water  on 
the  cellar  floor  is  pumped  into  the  mud-launders  by  steam 
syphon. 

Tank  inspection. 

This  work  is  most  important  as  it  has  a  direct  bearing 
on  the  ampere  efficiency  and  therefore  on  the  production. 
With  good  inspection  work  and  low  current  density  (14.4 
amp.  per  sq.  ft.)  the  efficiency  should  be  93  per  cent  or  better. 
As  the  current  density  rises  it  becomes  increasingly  difficult 
to  maintain  the  efficiency,  due  to  rapid  growth  of  copper 
with  resulting  short  circuits  and  to  the  more  frequent  disturb- 
ance of  sections  by  feeding  in  scrap.  Thus  in  June,  1922, 
with  c.d.  14.4  amps.,  the  efficiency  of  the  regular  sections 
averaged  93.5  per  cent.  In  August,  1922,  with  c.d.  19.6  amps., 
the  efficiency  was  88  per  cent.  With  high  current  density 
(19  to  21  amps.)  90  per  cent  to  85  per  cent  efficiency  is  con- 
sidered reasonable.  Any  laxness  on  the  part  of  the  section 
men  or  inspectors  will  soon  be  reflected  in  the  lowered  efficiency 
of  their  sections. 

Another  good  check  on  the  condition  of  the  tanks  is  the 
volts  per  tank.  Since  the  regular  tanks  all  have  the  same 
number  of  anodes  and  cathodes,  there  should  be  nearly  uniform 
voltage  per  tank.  If  the  contact  resistances  of  a  tank  are 
abnormally  high,  the  volts  for  the  tank  will  be  higher  than 
the  average  for  the  tanks  of  the  section.  If  the  resistance 
is  low  (due  to  short  circuits)  the  volts  will  be  low,  or  for  a 
bad  short  circuit  may  even  be  zero. 

Tests  and  calculations  show  that  the  specific  resistance  of 
the  electrolyte  is  about  one  million  times  that  of  metallic 
copper.  This  clearly  indicates  why  one  small  short  circuit 
between  two  electrodes  will  take  most  of  the  current  for  that 
whole  tank. 

The  resistances  of  a  tank  are: 
1.     Contact  resistance: — 

A  —  Between  triangular  bar  and  cross-rod. 

B  —  Between  triangular  bar  and  anode  lug. 

C  —  Between  cross-rod  and  loops. 
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2.  Ohmic  resistance: — 

A  —  Metallic  conductor,  anode,  cathode,  cross-rod, 

loops. 
B  —  The  electrolyte. 

3.  Resistance  due  to  covering  of  slimes  on  anode. 

4.  The  electrochemical  resistance  at  the  surface  of  the 
anode,  or  the  energy  consumed  in  bringing  metallic 
copper  into  solution. 

Of  the  above,  the  first  two  only  are  to  some  extent  under 
the  control  of  the  section  men.  The  section  men  must  keep 
the  contacts  clean  and  free  from  deposits  of  highly  resistant 
salts.  Also  the  tank  voltage  must  be  kept  up  by  the  prompt 
removal  of  short  circuits.  With  current  density  of  20  amps. 
per  sq.  ft.,  the  volts  per  tank  should  be  from  0.32  to  0.35, 
depending  on  the  age  of  the  section.  The  resistance  will 
increase  towards  the  end  of  the  run  on  account  of  the  lightened 
anodes  and  greater  contact  resistance  at  the  lugs. 

For  each  group  of  four  sections  there  are  three  section- 
men  and  an  inspector.  They  go  over  their  sections  twice 
daily,  starting  in  the  morning  with  the  youngest  section. 
To  find  short  circuits  they  go  over  the  tanks  feeling  the  cross- 
rods  with  the  fore-finger  or  first  two  fingers. 

They  wear  handleathers  which  protect  the  palm  of  the 
hand  but  leave  the  fingers  free.  Short  circuits  will  cause  the 
sheets  and  cross-rods  to  become  very  hot.  Shorts  may  be 
caused  by  metallic  contacts  between  electrodes  above  the 
solution  line,  by  stray  pieces  of  copper,  or  by  solution  on  the 
triangular  bars  or  bus-bars,  or  in  the  solution  by  nodules  or 
growths  on  the  cathode. 

The  section-man  uses  a  copper  rod  (see  Fig.  11)  for  finding 
short  circuits  in  the  solution  and  for  removing  nodules.  He 
puts  the  rod  down  close  along  the  cathode  and  passes  it  along 
from  right  to  left.  If  he  feels  a  nodule  causing  a  short  circuit 
he  pulls  it  off  (if  possible)  with  the  hooked  end  of  the  rod. 
If  the  nodules  cannot  be  removed  in  this  way  the  sheet  is 
pulled  out  and  they  are  chipped  off  with  a  hammer.  When 
a  sheet  is  bent  over  touching  an  anode  it  is  pulled  out  and 
straightened  with  the  rod  or  with  a  hammer,  according  to  its 
weight.  The  rod  should  not  touch  the  anodes,  as  this  would 
stir  up  the  slimes.     If  an  anode  does  not  hang  straight  the  lug 
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resting  on  the  capping  board  is  blocked  up  by  a  piece  of  copper. 
This  will  swing  the  anode  one  way  or  the  other.  A  very 
rough  cathode  is  often  turned  or  removed  to  the  end  of  the 
tank,  where  it  faces  only  one  anode. 

The  inspector  has  two  voltmeters,  one  with  three-cornered 
files  for  reading  between  triangular  bars,  and  another  with 
heavy  copper  rods  extended  like  prongs,  for  reading  between 
electrodes.  In  the  morning  he  goes  over  his  sections  first 
with  the  three-cornered  files,  starting  with  the  youngest  section. 
In  this  way  he  finds  the  more  serious  troubles  quickly  and  has 
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Fig.  11.    Section  Man's  Rod  (copper) 


them  remedied.  The  young  sections  develop  more  short 
circuits  and  bad  contacts,  but  they  can  be  more  easily  corrected 
because  the  sheets  are  thinner  and  lighter.  If  the  voltage  of 
a  tank  is  20  to  30  millivolts  lower  than  the  average  for  the 
section,  it  usually  means  that  the  contact  resistances  are  too 
high.  This  may  generally  be  overcome  by  knocking  the  anode 
lugs  back  and  forth  on  the  triangular  bar,  thus  getting  a  new 
contact  surface.  When  he  has  been  over  all  his  sections  in 
this  way  the  inspector  starts  taking  readings  between  each 
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electrode,  again  commencing  with  the  youngest  section.  A 
low  reading  between  an  anode  and  the  cathodes  on  either 
side  indicates  that  the  anode  lug  needs  cleaning,  while  a  low 
reading  between  a  cathode  and  two  anodes  indicates  that 
the  cross-rod  needs  cleaning.  In  both  cases  it  is  often  sufficient 
to  kick  the  lug  or  the  cross-rod  back  and  forth  on  the  triangular 
bar.  If  the  contacts  are  soiled  with  solution  and  the  whole 
section  shows  high  voltage  the  inspector  may  decide  to  oil 
the  contacts.  The  oil  prevents  solution  from  getting  in  the 
contacts  and  forming  a  film  of  salt.  It  should  be  applied 
sparingly  on  the  cross-rods,  with  a  brush. 

When  a  section  is  cut  in  after  charging  it  is  left  for  20 
minutes  or  more  to  heat  the  sheets.  Then  the  section  men 
go  over  it  feeling  for  short  circuits.  They  have  to  take  out 
a  large  number  of  sheets  and  straighten  them  and  remove 
rough  edges,  etc.  The  section  is  gone  over  twice  in  this  way. 
The  section  inspector  goes  with  the  men  for  the  first  time 
over  the  section,  but  after  that  he  starts  to  take  voltmeter 
readings  between  the  individual  electrodes. 

The  chief  section  inspector  has  charge  of  all  the  sections 
in  the  tank  house,  except  the  stripper  sections.  He  supervises 
the  section  men  and  places  them  to  the  best  advantage.  He 
takes  voltmeter  readings  of  the  tanks,  checks  up  the  work 
of  the  section  men,  and  is  assisted  by  the  day  shift  foremen. 
Between  them  they  should  go  over  all  the  tanks  once  a  day, 
if  possible.  They  go  over  the  youngest  sections  first  and  any 
sections  in  the  centre  aisle  that  are  shown  to  have  an  abnormal 
voltage.  At  eight  o'clock  every  morning  the  chief  inspector 
or  his  assistant  collects  the  sample  sheets  from  the  sections 
and  distributes  to  the  youngest  sections  the  sample  sheets  for 
that  day.  When  a  section  is  being  charged  the  chief  inspector 
should,  if  his  other  work  permits,  watch  the  anodes  and  starting 
sheets  going  in.  A  little  vigilance  here  will  prevent  bad  anodes 
and  sheets  from  going  into  the  tanks  and  save  a  lot  of  trouble 
for  the  section  gangs  later  on. 

Tank-house  ampere  efficiency. 

One  ampere  will  deposit  0.0621  pound  of  copper  in  24 
hours.  Ascertain  the  number  of  hours  the  section  was  in 
circuit  and  divide  this  by  24  hours,  which  will  give  the  decimal 
age  of  the  section.     After  finding  the  age  of  a  section,  find 
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the  average  amperes  during  that  time.  Multiply  0.0621  pound 
of  copper  by  the  average  amperes  to  find  what  one  tank  should 
have  deposited  in  one  day  of  24  hours  for  these  amperes. 
The  age  of  the  section  multiplied  by  the  number  of  tanks 
in  the  section  will  give  the  number  of  section  days  made. 
The  gross  weight  of  the  deposit  less  the  weight  of  the  starting 
sheets  will  give  the  net  weight  of  actual  deposit  during  the 
run  of  the  section.  This  figure  divided  by  tank  days  will 
give  the  actual  pounds  per  tank  day.  The  actual  pounds  per 
tank  day  are  then  divided  by  the  theoretical  amount,  the 
result  being  the  ampere  efficiency  for  the  section. 

Current  density. 

The  size  of  one  anode  is  3  ft.  by  3  ft.,  and  as  it  has  two 
sides  its  surface  area  is  18  sq.  ft.  The  30  anodes  in  each 
tank  have  therefore  a  total  area  of  540  sq.  ft.;  which,  divided 
into  the  average  amperes  will  give  the  current  density  or 
amperes  per  square  foot. 

Cost  Distribution. 

The  successful  operation  of  the  tank-house  depends 
largely  upon  securing  an  economic  balance  between  many 
factors,  such  as  cost  of  power,  current  density,  length  of  run, 
cost  of  pulling  and  charging  sections,  cost  of  tank  inspection, 
cost  of  preparing  starting  sheets,  etc.,  etc.  Excepting  perhaps 
power,  labour  is  the  outstanding  item  in  all  of  these  main- 
tainance  costs.  A  careful  mathematical  study  of  various  cost 
combinations  from  the  main  departments,  such  as  the  power- 
house, tank-house,  and  casting  building,  is  necessary  in  order 
to  arrive  at  true  economical  operation. 

Production  costs  are  also  influenced  by  external  factors. 

For  instance,  if  the  market  price  for  copper  makes  a 
steady  rise,  it  becomes  desirable  to  increase  the  output.  This 
may  be  done  by  enlarging  the  plant,  which  takes  time.  Or  it 
may  be  done  by  increasing  the  current  density.  The  efficiency 
cannot  be  increased  much  beyond  93  per  cent  without  excessive 
labour  cost  for  tank  inspection.  Therefore  the  current  density 
is  increased.  For  instance,  it  might  be  increased  from  14.8 
to  20.4  amp.  per  sq.  ft.  (through  several  steps,  to  avoid  sudden 
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changes  in  tank-house  operating  conditions).  A  number  of 
things  will  result.  Production  will  go  up,  ampere  efficiency  will 
go  down,  and  sections  will  have  to  be  charged  and  drawn  more 
frequently.  This  will  mean  more  starting  sheets  and  will  call 
for  greater  efforts  in  the  stripper  sections.  For  these  reasons 
a  close  check  is  kept  upon  the  cost  distribution  in  the  tank- 
house.  Each  department  of  the  work  has  a  permanent  number 
to  which  costs  are  charged. 

The  main  divisions  are: 

T-l  —  Labour  stripping. 

T-2  —  Labour  tending  tanks. 

T-3  —  Labour  charging  tanks  and  drawing  copper. 

T-l  absorbs  all  labour  charges  for  preparing  cathode 
blanks  and  stripping  same. 

T-2  absorbs  all  labour  for  the  sections,  such  as  circulators, 
pump-men,  section-men,  inspectors,  inspector  foremen,  and 
cellar  gang. 

T-3  includes  charging,  drawing,  washing,  unloading  and 
weighing  of  copper,  pulling  and  washing  of  anode  scrap  and 
piling  on  narrow  gauge  cars  and  weighing,  replacing  broken 
pieces  of  anode  scrap  before  drawing  copper,  cleaning  and 
washing  down  anodes,  cleaning  tanks  of  slimes,  sending  slime 
to  silver  refinery,  capping  paints,  loop  cutter,  anode  straight- 
eners,  loop  cutters,  winchmen,  sheet  punchers,  etc.,  etc. 

Other  numbers  are  allotted  for  superintendence  and  re- 
pairs, materials  and  protective  devices,  etc.,  etc.  Jobs  in  the 
tank-house  performed  by  its  own  staff,  but  not  of  a  routine 
nature,  are  known  as  "cost  jobs".  Of  such  are  the  rebuilding 
of  tanks,  replacement  of  launders,  etc.  These  are  all  recorded 
separately. 

The  time  worked  the  previous  day  is  taken  from  the  time 
cards  every  morning  by  the  time-keeper,  and  is  entered  under 
the  proper  heads  on  the  time-distribution  sheets.  These  sheets 
are  sent  to  the  cost  department  at  the  main  office,  where  costs 
for  the  whole  plant  are  compiled. 
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MINING  PRACTICE  AT  STERLING  HILL  MINE, 

NEW  JERSEY  ZINC  COMPANY.  * 
By  G.  H.  Salton. 

Among  the  unique  economic  ore  deposits  of  the  world  are 
the  ore  deposits  of  the  Franklin  Furnace  District  in  the  state 
of  New  Jersey,  U.S.A.  Unique  because  of  the  fact  that  it  is 
the  only  place  in  the  world  where  the  mineral  franklinite  occurs 
in  economic  quantities.  The  New  Jersey  Zinc  Co.,  operates 
two  mines  in  this  district,  one  at  Franklin  and  the  other  at 
Ogdensburg.  These  towns,  two  miles  apart,  are  situated  in 
the  northern  part  of  Sussex  county  among  the  foothills  of  the 
Kittatinny  Mountains,  only  fifty  miles  from  New  York  city. 
They  are  equipped  with  good  water  supply,  electric  lights, 
excellent  roads,  and  the  best  of  educational  facilities. 
Contrary  to  the  conditions  usually  met  with  in  mining 
communities  the  mines  are  in  the  very  centre  of  an  agricultural 
section  in  what  is  aptly  called  'The  Garden  State." 

The  ore. 

The  ores  which  occur  at  Sterling  Hill  Mine,  near  Ogdens- 
burg, are  valuable  as  a  source  of  zinc  and  on  account  of  the 
manganese  and  iron  which  they  contain.  The  ore  minerals 
are  franklinite  (Fe,  Mn,  Zn)  O.  (Fe,  Mn)  2  03,  containing  25 
per  cent  zinc;  willemite  Zn2Si04  containing  60  per  cent  zinc; 
and  zincite,  ZnO.  containing  80  per  cent  zinc.  Tephroite,  a 
silicate  of  manganese,  is  present  in  small  amounts  and  the  gan- 
gue  material  is  calcite. 

Outline  of  mining  methods. 

When  the  New  Jersey  Zinc  Company  started  operations 
on  the  Sterling  Hill  property  in  1912,  a  complete  change  in 
mining  methods  to  be  adopted.    The  various  mining  companies 
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that  had  been  working  portions  of  the  orebody,  without  any 
co-operation,  had  developed  a  chaotic  assortment  of  shafts, 
levels,  stopes,  etc.,  of  which  only  a  part  were  useful.  Con- 
sequently the  method  of  mining  had  to  be  consolidated. 

An  inclined  shaft  was  sunk  in  the  footwall  of  the  east  vein 
near  the  central  point  of  the  orebody.  This  shaft,  dipping 
75°,  approximately  parallels  the  dip  of  the  orebody  and  con- 
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Fig.  l.     End  Section  of  Ore  Body 


tinues  in  the  footwall  rock  until  it  intersects  the  keel  of  the 
trough  at  the  1640  ft.  level,  (see  Fig.  1). 

Levels  were  established  at  50  or  100-ft.  intervals,  former 
openings  being  used  wherever  possible.  Stopes  20  ft.  wide 
were  then  opened  with  centre  lines  at  approximately  right  an- 
gles to  the  strike  of  the  orebody.  These  transverse  stopes,  of 
the  shrinkage  or  back  stope  type,  were  carried  from  level  to 
level,  beginning  at  the  bottom  and  were  placed  at  approxi- 
mately 40  ft.  centres.  A  stope  was  carried  from  one  level 
to  the  next  above  for  its  whole  length,  which  was  determined 
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by  the  distance  from  the  footwall  to  the  hanging  wall.  The 
ore  was  then  extracted  and  the  stope  filled.  When  filling  was 
completed  the  work  was  carried  to  the  level  above  and  the  cycle 
of  operations  repeated. 

Pillars,  20-ft.  wide,  are  left  standing  in  the  fill  until  the 
final  completion  of  the  stopes.  These  are  to  be  mined  by  a 
special  caving  method  modeled  after  the  top  slicing  system. 
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Fig.  2.     Longitudinal  Section  of  Ore  Body 


Transportation  is  accomplished  by  hand  tramming,  as 
there  are  no  long  distances  to  ore  pockets  in  any  part  of  the 
present  workings  of  the  mine.  The  filling  is  introduced  into  the 
mine  through  raises  connecting  with  open  pits  on  the  surface 
and  distributed  by  means  of  waste  chutes  throughout  the  mine. 
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The  shaft. 

The  shaft  is  sunk  on  a  57°  incline  and  is  18  by  10  ft. 
outside  of  timbers.  The  sinking  of  an  inclined  shaft  in  the 
country  rock  between  the  veins  was  adopted  because: — 
(a)  A  vertical  shaft  between  the  veins  would,  in  depth, 
require  longer  and  longer  cross-cuts  to  the  E  vein,  (b)  A 
vertical  shaft  on  the  hanging  wall  side  of  the  E  vein  would  have 
passed  through  sand  for  the  first  100  ft.  or  more  and  would 
have  required  cribbing,  (c)  An  inclined  shaft  in  the  vein 
would  not  give  easy  access  to  all  parts  of  the  orebody.  (d) 
A  suitable  mill  site  was  also  an  important  consideration.  The 
shaft  is  equipped  with  two  hoisting  compartments  and  while 
one  is  used  for  hoisting  ore  and  the  other  for  handling  men 
and  supplies,  both  are  equipped  for  hoisting  ore.  A  third  com- 
partment is  set  off  for  a  pipe  and  ladderway. 
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Fig.  3.     Plan  of  Ore  Body  (not  outcrop), 


Shaft  sinking  is  accomplished  with  either  Waugh  Turbro 
bar  mounted  drills  or  Waugh  Dreadnaught  hand-hammer 
drills.  The  method  found  best  for  sinking  was  that  of  breaking 
to  one  end  of  the  shaft,  beginning  with  short  flat  lifting  holes, 
and  gradually  lengthening  and  steepening  the  holes,  ending 
with  holes  practically  parallel  to  the  centre  line  of  the  shaft, 
(see  Fig.  4). 
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Fig.  4.     Shaft  Sinking  Round. 

(next  round  will  be  reversed) 

The  shaft  timbers  are  of  long-leaf  yellow  pine.  A  stull 
12  by  12  in.  on  each  side  of  the  shaft  supports  each  set  as  a 
bearing  piece;  the  side  dividers  and  wall  plate  are  also  12  by  12 
in.  but  the  interior  dividers  are  only  8  by  12  in.;  the  studdles 
are  6  by  8  inches.  Above  and  below  shaft  stations  and  along 
sections  where  the  hanging  wall  is  weak,  lagging  of  6  by  8  in. 
square  timber  spaced  16  or  more  inches  apart  extends  from  wall 
plate  to  wall  plate  and  is  held  from  slipping  by  %  in.  pins  which 
catch  on  the  wall  plate.  This  lagging  supports  a  layer  of  2  in. 
plank.   (Fig.  5). 
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Fig.  5.     Shaft  Timbering. 
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Shaft  stations. 

The  station  for  loading  and  unloading  men  is  just  beneath 
the  collar  of  the  shaft.  A  concrete  passageway  under  the  mill 
connects  this  station  to  the  change  house. 

Stations  are  not  placed  at  every  level,  but  only  at  the 
150  level  and  150  pocket,  the  240,  340  levels  and  340  pocket, 
the  500,  800,  1100  levels  and  1100  pocket,  the  1400  level  and 
1400  pocket,  the  1600,  1800  levels  and  1800  pocket,  and  the 
1850  level.  (Fig.  6).  Access  to  the  other  levels  is  obtained  by 
ladder  ways  through  raises  in  the  orebody.  Timber  slides, 
equipped  with  Lidgerwood  air  hoists,  are  also  constructed 
throughout  the  orebody  for  the  transfer  of  timber  and  supplies 
to  the  intermediate  levels. 


Track  equipment  in  shaft. 

Track  rails  weighing  80  lb.  per  yard,  30  ft.  long  are  used 
in  the  shaft.  These  are  supported  on  concrete  piers  built  to 
grade,  spaced  at  10  ft.  centres  and  anchored  to  the  foot  wall 
by  old  drill  steels.  The  rails  are  bolted  to  a  steel  plate  one 
half  inch  thick  and  8  in.  wide,  which  in  turn  is  bolted  to  the 
concrete  pier  by  %  in.  anchor  bolts.  Splice  bars  of  a  type 
suited  to  the  rail  section  are  used  to  join  the  rails. 


422 


Sterling  Mill  Mink    Salton 


Fig.  6.     Shaft  Station. 


The  hoist. 

The  hoisting  skips  are  of  full  3-ton  capacity  and  are  usually 
operated  in  balance.  Ore  is  hoisted  only  during  the  night 
shift,  the  man  car  being  replaced  by  a  skip  in  12  minutes. 
The  shaft  hoist  is  a  250  h.p.  electric  Vulcan  hoist,  second  motion, 
herring-bone-gear.  This  hoist  is  equipped  with  tight  and  loose 
drums  both  6  ft.  in  diameter  and  4  ft.  9  in.  face,  in  order  to 
permit  hoisting  in  balance  from  different  levels.  The  head 
sheaves  carrying  the  hoisting  rope  on  top  of  the  head  frame 
are  10  ft.  in  diameter,  with  a  6  in.  diameter  shaft.  The  load 
hoisted  is  approximately  9,000  lb.  at  a  speed  of  1,000  ft.  per 
minute,  the  hoist  being  capable  of  winding  1900  ft.  of  1  in. 
rope  on  each  drum.  The  hoisting  ropes  are  of  1  in.  plow  steel. 
They  are  examined  every  day  before  regular  hoisting  starts, 
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the  rope  being  run  very  slowly  past  the  inspectors,  who  look 
for  broken  wires  or  other  signs  of  weakness.  The  rope  lubri- 
cant is  such  that  it  does  not  coat  the  rope  so  that  the  wires 
cannot  be  seen.  The  rope  is  attached  to  the  bale  of  the  skip 
with  a  thimble  and  clevis,  not  with  a  socket.  Seven  clamps 
are  used  to  fasten  the  rope  and  these  are  so  placed  that  the 
U-bolt  part  of  the  clamp  bears  on  the  turned  up  end  of  the  rope 
and  the  broader  piece  bears  on  the  straight  rope.  In  order  to 
protect  the  hoisting  ropes  from  serious  abrasion,  idler  sheaves 
of  9  in.  tread  diameter  are  mounted  in  each  shaft  compartment 
at  30-ft.  intervals  in  conjunction  with  specially  shaped  guide 
frames  to  deflect  the  whipping  rope  onto  the  idlers. 
Loading  stations. 

Hoisting  is  done  from  five  places,  the  150  pocket,  the 
340  pocket,  the  1100  pocket,  the  1400  pocket  and  the  1800 
pocket.  Steel  loading  pockets  are  placed  in  both  shaft  com- 
partments. These  consist  of 'two  parts.  The  lower  hopper, 
which  holds  exactly  a  skip  load,  can  be  filled  while  the  skips 
are  moving,  so  that  it  is  ready  for  discharge  as  soon  as  the 
skip  is  placed.  The  upper  chute,  which  feeds  the  lower  one, 
is  left  with  its  gate  open  until  it  is  time  to  load  the  skip.  The 
gate  to  upper  chute  is  closed  by  the  same  operation  that  opens 
the  gate  to  the  skip  hopper.  The  ore  cannot  overflow  from  the 
feeding  chute  into  the  pocket,  as  the  arc  gate  raises  it  to  its 
angle  of  repose.  The  pocket  cannot  jam  because  the  feeding 
chute  gate  is  swung  up  through  the  pile  of  ore,  and  the  lower 
gate  cannot  jam  because  it  comes  back  on  an  empty  hopper. 
The  system  of  levers  which  move  the  two  gates  operate  so  that 
the  upper  arc  cuts  off  the  feed  before  the  lower  door  begins 
to  open,  and  the  lower  door  closes  before  the  upper  arc  has 
swung  below  the  angle  of  repose  of  the  ore  in  the  chute.  By 
means  of  these  loading  devices,  the  idle  periods  of  hoisting  are 
reduced  to  10  or  15  seconds  to  cover  simultaneous  loading  and 
dumping.  The  loading  pockets  are  operated  by  hand. 
Man  cars. 

The  man  cars  used  for  lowering  men  and  supplies  into  the 
mine  are  built  of  steel  with  steps  of  2  in.  plank,  protected  by 
2  by  2  in.  angle  iron  on  the  edge.  The  wheel  base  is  22  ft. 
11  in.  and  the  overall  length  25  ft.  10  in.  Overall  width  is 
4  ft.  23^2  in-  Three  men  stand  on  a  step  so  that  30  men  can  be 
loaded  at  once.  (Fig.  7). 
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Fig.  7.     Man  Car. 
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Headframe. 

The  headframe  is  built  of  steel  and  includes  the  rough 
crusher  house  and  ore  bins.  The  skips  dump  near  the  top, 
allowing  the  ore  to  run  over  a  grizzly  into  hoist  bins.  The 
hoisting  engine  house  is  on  a  hill  in  the  rear  of  the  headframe. 

Signal  system. 

The  signal  system  is  operated  by  a  direct  current  electric 
circuit.  On  each  station  there  is  a  signal  box  which  is  rung  by 
pulling  a  handle.  This  rings  the  bells  in  every  signal  box  in 
the  shaft  and  is  a  hoisting  signal  although  the  engineers  bell 
does  not  ring.  A  cageman,  on  duty  with  the  man  car,  is  the 
only  man  who  can  ring  to  the  engineer.  To  do  this  he  puts 
a  key  in  the  signal  box  and  by  turning  the  key  throws  a  lever 
which  makes  connection  with  the  engineer's  bell.  When  the 
cageman  is  ringing  to  the  engineer  the  bells  ring  at  every  station, 
and  the  engineer's  answering  signal  (the  engineer  answers  with 
the  same  signal  he  receives)  is  also  rung  at  every  station. 
Should  the  cageman  have  his  key  turned  in  the  box  and  some 
one  rings  at  another  station,  this  signal  does  not  reach  the 
engineer,  although  it  rings  the  signal  box  at  which  the  cageman 
is  standing. 

Pumps. 

All  the  water  in  the  mine  workings  below  the  500  ft.  level 
runs  to  a  sump  at  the  1850  ft.  level  and  is  pumped  from  that 
level  to  a  sump  on  the  500  ft.  level.  Below  the  1100  ft.  level 
the  mine  workings  are  comparatively  dry  and  fairly  warm. 
The  pumping  station  at  the  1850  ft.  level  consists  of  two 
Aldrich  herring-bone-geared,  vertical  triplex,  electrical  pumps 
of  the  centrifugal  type.  These  pumps  with  a  capacity  of  100 
gallons  per  minute  against  a  head  of  1300  feet,  are  each  of 
50  h.p.,  and  run  at  720  r.p.m.,  on  a  440  volt  circuit.  The 
suction  pipe  is  6  in.  in  diameter  and  the  discharge  pipe  4  in. 
From  the  sump  on  the  500  ft.  level  the  water  is  pumped  to  the 
surface  by  two  electrical  centrifugal  pumps  each  of  75  h.p., 
running  at  1750  r.p.m.,  driven  by  a  3  phase  440  volt  motor. 
All  the  water  used  in  the  mill  comes  from  the  mine  and  the 
surplus  goes  to  waste. 
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Safety  precautions. 

The  inspection  each  day  of  hoist  ropes  for  both  men  and 
ore  is  one  of  the  safety  precautions  taken.  All  stations  in  the 
shaft  are  protected  by  guard  rails  and  are  electrically  lighted. 
Every  night  the  shaft  is  inspected  by  a  crew  of  men  who  exa- 
mine the  tracks,  tighten  up  the  bolts,  grease  the  sheaves  and 
replace  those  with  worn  linings,  clean  up  the  muck  that  has 
accumulated  and  in  general  keep  the  track  in  the  best  con- 
dition possible.  The  rolling  equipment  is  overlooked  and 
greased  every  day. 

Development. 

All  development  drifts  and  cross-cuts  are  first  driven  7  ft. 
high  and  6  ft.  wide  and  these  are  subsequently  stripped  to  the 
desired  size.  From  the  shaft,  which  is  in  the  central  part  of 
the  orebody  between  the  limbs  of  the  vein,  cross-cuts  are 
driven  to  the  veins  and  from  these  cross-cuts  drifts  are  turned 
off  with  minimum  curves  of  25  ft.  radius.  Owing  to  the  irre- 
gular outline  of  the  ore  body  and  in  some  places  the  varying 
nature  of  the  ore  the  drifts  are  not  laid  out  to  any  particular 
system.  They  follow  the  vein,  sometimes  in  the  hanging  and 
sometimes  in  the  foOtwall  rocks,  keeping  the  vein  in  a  corner 
of  the  drift. 

In  all  drift  work  the  model  21  Waugh  Turbro  drill,  column 
mounted,  is  used.  This  drill  has  been  found  to  excel  all  others 
for  working  the  ground  in  this  mine.  The  essential  feature 
of  the  Turbro  drill,  which  is  of  the  water  hammer-drill  type, 
is  the  independent  rotation  of  the  steel  by  means  of  a  small 
but  powerful  turbine  in  the  front-head  of  the  machine.  The 
air,  which  drives  this  turbine,  is  applied  through  a  separate 
air  channel  in  the  wall  of  the  cylinder  and  is  easily  controlled 
by  a  touch  of  the  drill-runnels  hand  on  the  turbine  throttle 
in  the  back  part  of  the  machine.  The  chuck  holding  the  drill 
steel  revolves  with  the  chuck  sleeves.  Since  the  rotation  of 
the  drill  steel  is  entirely  independent  of  the  hammer  action, 
it  is  possible  when  running  in  soft  ground,  to  speed  up  the 
rotation  and  slow  down  the  hammer,  while  in  hard  ground  the 
speed  of  the  hammer  can  be  increased  and  the  speed  of  rotation 
cut  down.  The  weight  of  the  machine  is  168  pounds.  These 
drills  are  mounted  on  a  4  in.  double  jack  screw  columns  6  ft. 
long  and  are  blocked  up  to  the  required  height.    The  drill  has 
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a  screw  of  40  in.  allowing  a  3  ft.  change  of  steel.  Round  hollow 
steels  with  4  point  or  6  point  raised  centre  bits  are  used.  The 
steels  are  made  in  various  lengths  up  to  12  ft.  long,  starting 
with  1%  in.  diameter  cutting  edge,  decreasing  by  y&  in.  to 
13^  in.  and  then  by  1-16  in.  to  1  1-16  inch. 

The  ground  at  Sterling  Hill,  both  rock  and  ore,  is  peculiar 
in  that  while  it  drills  well  it  is  hard  to  break,  being  very  tough 
and  elastic.  The  type  of  cut  adopted  is  of  pyramidal  shape, 
(Fig.  8)  and  in  a  6  by  7  ft.  drift  requires  from  19  to  25  holes, 
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Fig.  8.  Drift  Cut. 


24  being  common  practice.  The  centre  cut  is  not  drawn  but 
is  burned  out,  the  angle  being  too  small,  and  the  holes  too  deep 
to  draw  out  the  wedge.  Cross-cuts  can  generally  be  broken 
with  less  holes  than  drifts.  The  holes  are  10  ft.  6  in.  deep 
and  are  each  loaded  with  8  sticks  of  8  in.  by  1  1-8  in.  50  per 
cent  Atlas  blasting  gelatin,  using  wooden  tamping  plugs. 
From  150  to  200  sticks  are  needed  to  break  a  heading.  Three 
separate  blasts  and  often  more  are  required  to  break  the  cut. 
The  first  fire  must  break  to  the  bottom  before  firing  the  second 
round.  Powder  used  per  ton  of  ore  broken  is  4  pounds.  The 
average  advance  is  9  ft.  6  in.  per  shift  in  drift  work.  This 
means  about  230  ft.  of  rock  drilled  and  blasted  per  shift. 
All  drift  work  is  on  contract.  A  4  ft.  break  or  less  in  drifts 
is  not  paid  for.  For  a  5  ft.  break  23^  hours  overtime  is  paid, 
a  6  ft.  break  earns  3  hours  overtime,  a  7  ft.  break  4  hours,  and 
for  8  ft.  and  over  5  hours  overtime  is  paid.  Overtime  is  paid 
at  the  regular  rate.    The  record  cut  in  a  drift  is  11  ft.  1  in. 
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Raises. 

A  large  number  of  raises  arc  found  necessary  as  the  method 
of  mining  requires  ventilation  and  access  raises  for  each  stope, 
as  well  as  for  ore  and  rock  passes,  timber  slides  and  ladder- 
ways.  A  standard  size  4  J A  by  4}^  ft.  is  used  for  all  raises  but 
should  larger  openings  be  needed,  as  in  the  case  of  combined 
timber  slide  and  ladderway  or  ladderway  and  ore  pass,  the 
desired  size  is  obtained  by  stripping. 
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Fig.  9.     Raise  Cut.     (Holes  2,  3,  4,  5  not  loaded). 


In  making  the  raises  a  type  of  cut  called  locally  the  "Burn 
Cut"  is  used  exclusively.  (Fig.  9).  In  this  cut  17  parallel 
holes  are  drilled  in  the  face  and  of  these  only  13  are  loaded. 
The  remaining  four  ease  holes  are  drilled  close  to  the  centre 
hole  so  as  to  give  the  centre  charge  a  chance  to  break;  after 
the  centre  has  broken  all  the  other  charges  have  two  holes  to 
break  to.  The  cut  is  burned  out,  not  drawn  out.  The  holes 
are  6  ft.  deep  and  a  machine  usually  averages  from  14  to 
20  ft.  per  hour.  About  92  sticks  of  1  in.  by  8  in.  blasting 
gelatin  are  required  to  break  a  cut.  Hole  number  2  is  loaded 
with  8  sticks  and  fired,  breaking  the  holes  1,  3,  4  and  5  as  shown 
in  Fig.  11,  holes  number  6,  7,  8  and  9  are  then  loaded  with 
7  sticks  each  and  fired  after  the  muck  has  been  cleaned  out 
of  the  space  made  by  firing  number  2  hole.  The  remaining 
eight  holes  are  then  each  loaded  with  7  sticks  and  fired.  Two 
bags  of  tamping  are  put  in  each  hole  on  the  charge  and  pressed 
firmly  in  on  the  charge  with  a  wooden  bar.  (Fig.  10)  shows 
the  staging  erected  to  support  men  working  in  the  raise. 
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Fig.  10.     Stage  in  a  Raise. 

Waugh  valveless  stopers,  called  'six  shooters'  by  the  miners, 
are  used  for  drilling  the  raises.  The  advantages  of  this  cut 
are,  (1)  a  great  saving  of  powder;  (2)  simple  and  easily  under- 
stood by  drillers;  (3)  may  be  worked  in  a  confined  space;  (4) 
maximum  advance  per  shift.  Many  other  types  of  cuts  had 
been  tried  in  this  rock  and  when  the  "Burn  Cut"  was  first 
used  all  holes  were  loaded,  the  charges  in  the  centre  holes  being 
gradually  eliminated  until  it  was  found  that  one  hole  gave  the 
most  satisfactory  break.  The  powder  consumption  in  raises 
is  4.5  pounds  per  ton  of  ore  broken.  The  average  advance 
per  shift  is  5  ft.  while  the  greatest  break  has  been  8  feet  7  inches. 

Timber  slides. 

For  lowering  timber  into  the  mine  either  the  skip  or  the 
man  car  of  the  main  shaft  is  used.     In  the  mine,  working  raises 
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are  used  for  the  distribution  of  timber  from  level  to  level. 
These  have  been  stripped  to  a  good  size,  at  least  8  by  6  ft. 
and  are  planked  on  the  bottom,  and  in  some  cases  on  the  sides. 
(Fig.  11).  Small  Lidgerwood  hoists  operated  by  compressed 
air  are  used  for  this  service. 
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Fig.  11.     Timber  Slide. 

Timbering. 

The  timber  used  in  the  mine  is  chestnut  and  oak,  and 
is  separated,  according  to  the  diameter  of  the  small  end  of  the 
stick,  into  lagging  4  in.  and  over,  8  in.,  10  in.  and  12  inches. 
No  timber  is  used  in  development  drifts  and  cross-cuts.  Nearly 
all  the  stopes  are  timbered  with  set- timbers.  These  set- 
timbers  consist  of  two  legs,  8  ft.  long,  made  of  10  in.  timber; 
one  cap  4  ft.  3  in.  long  inside  of  the  joggles,  made  of  12  in. 
timber;  and  a  sill  5  ft.  4  in.  inside  of  joggles  of  8  in.  timber. 
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Fig.  12      Stope  Set. 
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(Fig.  12).  Where  the  set  rests  on  solid  ground  the  sills  are  not 
used.  The  sets  are  placed  5  ft.  apart  and  chutes  are  put  in 
at  5  ft.  intervals.  The  chutes  are  4  ft.  wide  by  2y2  ft.  high  and 
are  made  of  2  in.  plank  and  6  in.  or  8  in.  timbers.  (Fig.  13). 
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Fig.   13.     Stope  Chute. 

The  retaining  boards  are  held  in  place  by  iron  chute  hooks 
of  %  by  1  Yi  in.  section,  the  ends  being  cut  to  prevent  the  tram- 
mers hands  being  pinched  between  them.  In  most  cases  the 
chutes  are  lined  with  sheet  iron.  At  the  bottoms  of  ore  or 
rock  passes  larger  chutes  of  similar  type  are  also  used,  with 
sets,  but  the  plank  and  timbers  are  protected  by  steel  plates 
and  angles. 

Stull  chutes  are  also  used  at  the  ore  raises,  the  advantage 
of  these  over  sets  being  that  there  is  more  room  for  the  cars 
at  the  level. 

Tramming. 

The  cars  used  for  tramming  are  of  24  cu.  ft.  capacity  and 
are  intended  to  be  handled  by  two  men.  (Fig.  14).    These  cars 
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Fig.   14.     Tram  Car. 
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measure:  length  inside  50  in.;  height  inside  24  in.;  width  inside 
36  inches.  They  weigh  complete  approximately  2000  pounds 
and  have  an  average  capacity  of  1.4  tons  of  ore.  The  wheels 
are  12  in.  dia.  and  the  wheel  base  is  16  in.  and  24  in.  guage. 
The  wheels  are  of  the  Hyatt  roller-bearing  type,  lubricated 
with  soft  grease.  The  weight  of  rail  used  is  20  pounds  per 
yard. 

In  general  the  24  in.  guage  track  is  laid  without  fish- 
plates and  the  ends  of  adjacent  rails  are  spiked  to  the  same  tie. 
The  frogs  are  of  cast  iron  and  are  spiked  to  the  ties  with  black- 
smith's spikes.  The  switch  points  are  of  pointed  square-iron, 
pivoted  on  spikes  and  connected  with  a  latch.  A  kick  of  the 
foot  serves  to  throw  them. 

The  cars  are  of  the  end  dump  type.  They  are  unloaded 
by  running  the  car  against  a  section  of  a  rail  placed  at  the  chute, 
the  locking  lever  is  thrown  open  just  before  the  car  strikes 
the  rail  and  the  impact  is  usually  sufficient  to  tip  the  body 
of  the  car  about  a  tipping  axle,  the  contents  of  the  car  sliding 
out  into  the  chute.  In  order  to  protect  the  car  from  excessive 
shock  when  run  against  the  rail  at  the  chutes  a  short  piece  of 
lagging  is  placed  across  the  track  in  front  of  the  crossrail  to 
act  as  a  buffer. 

A  pair  of  trammers  is  expected  to  load  tram  and  dump  a 
car.  When  the  stope  chutes  are  running  freely  two  men  work 
at  a  car,  drawing  the  desired  amount  of  ore  from  each  chute, 
Should  many  large  chunks  be  encountered,  which  block  the 
chute  opening  and  which  cannot  be  dislodged  by  the  use  of 
long  iron  bars,  a  third  man,  called  a  chute  blaster,  is  placed 
at  the  chutes  to  drill  blockholes  in  the  larger  pieces  and  break 
the  chunks  which  are  holding  up  the  chute.  Usually  one 
chute  blaster  works  in  conjunction  with  several  trammers, 
taking  care  of  the  chutes  in  two  adjoining  stopes.  Over 
each  chute  or  ore  pass  leading  to  a  loading  pocket  is  placed  a 
grizzly  made  of  80  pd.  steel  rails  forming  10  in.  squares.  When 
ore  is  being  sent  down  into  a  leading  pocket  a  man  is  placed 
at  the  grizzly  and  it  is  his  duty  to  blockhole  or  sledge  all  over- 
size so  that  all  ore  going  to  the  surface  is  less  than  10  inches. 

Tramming  includes  so  many  variables  such  as  tramming 
distance,  condition  of  chutes,  etc.,  that  the  operating  figures 
vary  greatly.     With  the  chutes  running  fairly  free,  however, 
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and  with  a  tramming  distance  of  300  ft.,  two  men  can  be  ex- 
pected to  tram  about  40  to  45  cars  per  8  hour  shift. 

Sloping. 

At  present  nearly  all  of  the  ore  obtained  from  the  mine, 
other  than  from  development  workings,  is  from  shrinkage 
stopes.  Due  to  the  shape  of  the  orebody  two  types  of  shrinkage 
stopes  are  used,  transverse  stopes,  with  their  length  at  right 
angles  to  the  strike  of  the  veins,  and  longitudinal  stopes,  with 
their  length  parallel  to  the  strike  of  the  veins.  Transverse 
stopes  are  used  in  the  elbow  of  the  orebody  and  their  length 
is  the  distance  between  the  foot  and  hanging  walls.  When 
work  was  started  on  the  east  and  west  veins  it  was  found  that 
the  distance  between  the  foot  and  hanging  walls  was  much 
too  short  for  efficient  use  of  transverse  stopes  so  longitudinal 
stopes  were  employed.  At  the  southern  extremity  of  the  ore- 
body  the  dip  and  the  shape  of  the  basin  made  it  impossible 
to  take  out  all  the  ore  by  overhand  stoping  so  an  underhand 
milling  method  was  designed  for  recovering  the  ore  beneath 
the  levels.  While  no  pillars  have  as  yet  been  mined  at  Sterling 
Hill  a  caving  method,  modelled  after  the  top  slicing  system, 
has  been  tried  out  at  the  Franklin  Furnace  mine  and  has 
proven  satisfactory  for  pillar  robbing. 

Transverse  stopes. 

Stoping  is  started  at  the  bottom  of  the  orebody,  each  stope 
being  20  ft.  wide  and  separated  from  each  other  by  20  ft. 
pillars.  The  stopes  are  carried  from  level  to  level  using  the 
same  plane  as  centre,  (Fig.  15)  illustrates  sections  of  trans- 
verse stopes. 

Before  stoping  commences  a  cross-cut  is  first  driven  from 
footwall  to  hanging  wall  on  the  lowest  level  and  is  then  stripped 
to  a  width  of  20  ft.  and  to  a  height  of  12  to  15  feet.  This  strip- 
ping has  to  be  done  but  once,  for  each  subsequent  stope  is 
carried  above  the  next  level  to  comply  with  the  requirements 
of  headroom  and  width.  The  opening  is  then  benched  to  the 
underlying  rock  and  filling  is  placed  on  the  bottom  with  the 
necessary  grade  and  elevation  for  a  tramming  level.  Sills 
are  placed  on  the  fill  and  sets  erected  on  them,  chutes  being 
put  in  at  their  proper  places.    The  track  is  then  laid  and  the 
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filling  is  brought  ill  by  cars  and  dumped  behind  the  sets  up 
to  the  level  of  the  chutes.  This  fill  steadies  the  sets  and  keeps 
the  ore  at  the  level  of  the  chutes.     When  lagging  has  been 
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Fig.  15.        Sections  of  Transverse  Stope. 
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placed  over  the  sets  and  covered  with  broken  ore  for  protection, 
the  stope  is  ready  for  breaking  to  begin.  To  afford  ventilation 
and  access  to  the  stope  after  the  sets  are  covered  a  raise  is 
made  on  the  foot  wall  to  the  level  above. 

The  work  of  mining  the  ore  in  the  stope  is  commenced 
from  on  top  of  the  set  timbers.  Holes  are  drilled  in  the  roof 
8  ft.  deep  at  an  inclination  of  from  45  °  to  60  °  from  the  hori- 
zontal, about  5  holes  are  usually  necessary  to  break  the  20  feet. 
(Fig.  16).      Stope  drills  using  7A  in.  quarter  octagon  steel 


Fig.  16.     Holes   in  Transverse  Stope. 


with  a  raised  centre  cross-bit  are  used.  Each  hole  is  loaded 
with  6,  1  in.  by  8  in.  sticks  of  50  per  cent  blasting  gelatin  and 
fired  at  the  close  of  each  shift.  The  miners  begin  operations 
at  the  hangingwall  end  of  the  stope  and  retreat  toward  the 
footwall,  standing  on  the  broken  ore  as  the  operations  proceed 
upward.  During  the  breaking,  trammers  draw  off  sufficient 
broken  ore  to  keep  the  muck  pile  about  6  ft.  below  the  back, 
to  give  headroom  for  the  men  working  in  the  stope.  The 
back  of  the  stope  is  kept,  as  nearly  as  possible,  at  the  same 
slope  as  the  muck. 
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Two  men  working  in  a  stope  break  from  100  to  250  tons 
of  ore  per  drill  shift,  drilling  ten  to  eighteen  8  ft.  holes.  The 
amount  of  ore  broken  per  .foot  of  hole  drilled  varies  from  one 
to  two  tons. 

Breaking  continues  until  the  back  of  the  stope  has  been 
carried  12  to  15  ft.  above  the  next  higher  level  from  that  at 
which  the  stope  was  started.  The  raise  on  the  footwall  is 
driven  up  to  the  next  level  and  this  completes  the  work  of  min- 
ing for  that  stope. 

The  stope,  which  is  now  filled  with  broken  ore,  is  ready 
to  be  drawn  as  soon  as  the  back  is  timbered.  Timbermen 
start  at  one  end  of  the  stope  supporting  the  back  with  timber, 
(Fig.  17),  and  if  found  necessary  the  sides  are  propped.     Hori- 


Fig.   17.     Stope  Timbering 


zontal  timbers  are  placed  across  the  stope  at  the  proper  eleva- 
tion for  the  track  which  will  later  be  used  for  tramming  in  the 
filling.  The  timbering  of  the  back  and  sides  is  entirely  for  the 
protection  of  the  men  engaged  in  scaling  the  walls  or  cleaning 
out  the  chutes. 

The  operation  of  drawing  the  broken  ore  is  started  at  the 
hangingwall  end  of  the  stope  pulling  ore  from  a  chute  until 
it  remains  open,  at  the  same  time  making  certain  that  ore  is 
not  hung  up  over  the  chute,  and  then  retreating  toward  the 
footwall  to  the  next  chute. 

After  the  ore  is  drawn  the  set  timbers  and  lagging  are 
removed  and  the  stope  is  filled  by  tramming  in  waste,  on  a, 
track  laid  on  the  horizontal  timbers  near  the  roof,  dumping 
it  into  the  stope,  starting  at  the  footwall  end.  The  regular 
tram  cars  are  used  for  this,  the  track  being  advanced  out  into 
the  stope  on  the  fill  as  required.  (Fig.  18).   When  the  stope  has 
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Fig.  18.     Support  of  Fill  Track  in  Transverse  Stope. 

been  filled  set  timbers  are  again  erected  and  the  whole  operation 
repeated. 

Longitudinal  stopes. 

When  longitudinal  stoping  was  first  practised  each  stope 
consisted  of  two  transverse  stope  slices  and  the  included 
pillar.  Later  three  stope  slices  and  the  included  pillars  were 
successfully  taken  out  as  one  stope,  with  a  length  of  about 
120  feet.  In  some  cases  longer  stopes  than  this,  even  with 
bad  hangingwalls,  were  carried  out  by  contemporaneous 
filling,  three  operations  going  on  in  the  stope  at  once  — breaking 
ore  at  one  end,  drawing  down  the  stope  at  the  centre,  and 
filling  at  the  other  end,    Fig.  19  illustrates  the  method. 
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Fig.   19.     Breaking,  Drawing  and  Filling  in  Longitudinal  Stope. 

The  same  type  of  sets  and  chutes  are  used  as  in  transverse 
stope.  A  drift  is  cut  along  the  footwall,  benching  out  4  or 
5  ft.  at  the  foot  to  get  the  sets  close  in  to  the  footwall.  Where 
the  stopes  are  wide  enough  for  two  rows  of  sets  another  row 
is  put  near  the  centre.  The  sets  should  also  be  braced  against 
pressure  from  the  footwall  for  the  weight  on  the  footwall  side 
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of  the  sets  gradually  becomes  greater  than  the  weight  nhngie 
hangingwall  side.  Great  difficulty  is  experienced  in  keep  to 
the  footwall  stripped  of  ore,  for  as  stoping  proceeds,  the  chutes 
on  the  footwall  side  come  under  the  hangingwall  of  the  stope. 
This  means,  especially  in  a  wide  stope,  that  the  footwall  side  of 
the  stope  has  to  be  kept  higher  than  the  hangingwall  side 
in  order  to  reach  the  back  all  over  the  stope.  (Fig.  20).  Should 
the  footwall  be  very  flat,  muckers  are  employed  to  throw  the  ore 
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Fig.  20.     Section  of  Longitudinal  Stope. 


toward  the  centre  of  the  stope.  Because  of  these  difficultie- 
and  where  the  dip  of  the  vein  is  from  50°  to  60°  from  the  horis 
zontal,  100  ft.  is  about  the  greatest  vertical  distance  that  a 
stope  can  be  carried. 

In  beginning  a  stope  a  raise  is  driven  on  the  footwall. 
usually  at  one  end  and  as  breaking  starts  from  this,  the  stope 
first  breaks  through  to  the  upper  level  at  the  raise. 

For  this  method  of  stoping  it  is  not  desirable  to  widen 
the  stope  greater  than  20  to  25  ft.  although  in  some  cases,  as 
the  stope  advances,  the  vein  widens  and  the  horizontal  distance 
from  foot  to  hangingwall  may  be  as  much  as  60  ft.  while  the 
perpendicular  distance  is  35  to  40  feet.  In  stopes  of  this  type, 
it  is  impossible  to  use  props.  The  sides  must  be  left  absolutely 
sound  as  the  stope  progresses  and  the  muck  is  withdrawn, 
because  the  back  cannot  be  taken  up  as  in  transverse  stopes. 

After  the  stope  is  empty  the  set  timbers  must  be  left 
standing  to  allow  a  passage  way  on  the  level.  Filling  is  intro- 
duced, as  in  transverse  stopes,  using  a  trestle  to  support  the 
track  built  out  over  the  edge  of  the  fill,  to  replace  the  levellers 
or  horizontal  timbers. 
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In  places  where  the  vein  is  too  wide  to  be  taken  out  in  one 
operation  a  special  "cut-and-fill"  method  is  used.  A  layer 
about  12  ft.  thick  is  taken  out,  the  opening  filled  with  waste 
and  lagged  over  Another  layer  is  broken  down  onto  the 
lagging,  drawn  off,  the  opening  filled  and  the  waste  covered 
as  before.  This  is  repeated  until  the  whole  width  of  the  vein 
has  been  stoped  out. 

Underhand  stopes. 

For  underhand  stoping  of  ore  in  the  elbow  of  the  vein, 
which  cannot  be  taken  out  as  a  transverse  stope,  auxiliary 
cross-cuts  are  run  in  the  footwall  country  rock  and  raises  made 
to  tap  the  orebody,  (see  Fig.  2).  The  ore  is  milled  down 
into  the  raises  and  drawn  out  through  chutes  placed  at  the 
mouth  of  the  raises.  The  raises  are  usually  from  10  to  20 
ft.  apart.  The  stope  resembles  a  half  frustum  of  a  cone  when 
completed,  having  in  one  case  a  back  60  ft.  wide.  The  stope 
is  sometimes  carried  up  through  two  or  three  levels  depending 
upon  the  dip  and  shape  of  the  vein. 

Filling. 

The  greater  part  of  waste  fill  used  in  the  mine  is  obtained 
from  a  large  open  cut  a  few  hundred  feet  from  the  mill.  A 
drift  on  the  100  ft.  level  taps  this  pit  and  waste  is  trammed  into 
the  mine  and  sent  down  through  raises  where  it  is  needed. 
Mill  tailings  are  now  being  disposed  of  as  filling  as  also  a  large 
amount  of  waste  sorted  out  from  the  ore  underground. 

Blasting. 

Fuse  is  used  for  all  blasting  throughout  the  mine,  carbide 
lamps  being  used  for  ' 'spitting".  Two  men  always  work  to- 
gether when  '  'spitting"  fuse  so  that  should  the  lamp  of  one  be 
blown  out  the  other  can  immediately  light  it  for  him.  The 
type  of  carbide  lamps  used  have  an  automatic  lighting  device 
aonsisting  of  a  milled  steel  wheel  rubbing  on  a  pyrophoric 
clloy  so  that  the  lamps  can  be  lighted  almost  instantly. 

Compressors. 

The  compressed  air  plant  for  supplying  the  drills  consists 
of  two  Ingersoll-Rand  Class  P.R.E.  compressors  with  cylinders 
15%  in.  by  18  in.  and  25  in.  by  18  in.     These  are  driven  by  a 
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335  h.p.  2200  volt,  60  cycle  Westinghouse  synchronous  motor 
running  at  200  r.p.m.  The  compressors  each  have  a  capacity 
of  2000  cu.  ft.  of  air  per  minute.  At  the  present  time  only 
one  compressor  is  used  to  provide  all  the  air  required  under- 
ground. 

General. 

About  100  men  are  presently  employed  in  the  mine  al- 
though the  number  varies  from  time  to  time.  The  majority 
of  the  men  working  underground  have  been  with  the  company 
several  years  and  are  experienced  miners.  Most  of  the  miners 
are  foreigners,  Russians,  Hungarians,  Slavs  and  Poles.  The 
shift  bosses  and  higher  classes  of  labour  are  American  or  English. 

The  company  has  a  well  organized  social  service  depart- 
ment which  assists  greatly  in  keeping  the  labour  contented. 
For  the  English  speaking  element  there  are  clubrooms  both 
at  Ogdensburg  and  Franklin  containing  pool  tables,  bowling 
alleys,  pianos,  etc.,  while  in  the  foreign  sections  of  the  towns 
there  are  large  halls  having  practically  the  same  equipment. 
Tennis  courts  and  a  swimming  pool  are  maintained  during 
the  summer.  The  company  has  constructed  many  houses 
for  the  convenience  of  its  employees.  For  the  staff  there  are 
comfortable  houses  which  are  rented  at  $17  per  month  including 
light  and  heat,  while  for  the  labourers  4  room  bungalows  are 
to  be  had  for  $8  per  month. 

The  company  maintains  an  excellent  hospital  with  a  com- 
petent staff  and  all  employees  are  given  the  best  of  medical 
attention. 

I  wish  to  acknowledge  the  assistance  rendered  in  pre- 
paring this  paper  by  Mr.  Hastings,  superintendent  of  the  mine, 
members  of  the  staff,  the  Vulcan  Iron  Works  and  the  Denver 
Rock  Drill  Company. 


GEOLOGY   AND   METALLURGICAL   TREATMENT 

OF  THE 
SULLIVAN  ZINC  ORE.* 

By  C.  R.  Whittemore. 

The  treatment  of  the  above  subject  will  be  divided  into 
two  main  parts.  In  the  first  part,  a  brief  description  of  the 
character  of  the  ore-bodies  and  the  concentration  of  the  ore 
by  selective  flotation  will  be  given,  to  show  the  complexity  of 
the  ore  and  the  intricate  concentration  process  required  for 
the  separation  of  the  lead,  zinc  and  iron  sulphides.  The  second 
part  will  deal  with  the  hydro-metallurgical  treatment  of  the 
zinc  concentrate.  The  process  consists  of  a  number  of  con- 
secutive operations,  namely,  roasting,  leaching  by  agitation, 
filtration,  precipitation,  purification  of  solution,  clarifying, 
electrolytic  precipitation  of  the  zinc,  and  melting  and  casting 
into  bars  for  shipment. 

Geology.  —  The  Sullivan  Mine,  which  is  owned  and 
operated  by  the  Consolidated  Mining  and  Smelting  Company 
at  Trail,  British  Columbia,  is  located  on  the  southern  slope 
of  the  Sullivan  hill  about  two  and  one-half  miles  north  of 
Kimberly,  in  the  East  Kootenay  district,  and  250  miles  north 
east  of  Trail.  The  mine  is  at  an  elevation  of  4,000  feet  above 
sea-level. 

The  Sullivan  ore  is  a  heterogeneous  conglomeration  of 
compact  sulphides,  namely,  blende,  marmatite,  galena,  pyrrho- 
tite  and  pyrite,  any  one  of  which  may  predominate,  although 
in  places  comparatively  clean  patches  of  galena,  blende  and 
pyrite  are  found  in  the  mine. 

Character  of  the  ore-bodies.  —  The  deposit  occurs  in  the 
Aldridge  formation  which  strikes  about  north  and  south  with 
a  dip  varying  from  ten  to  sixty  degrees  east.  This  formation 
consists  of  thin  bedded  argillaceous  quartzites  and  heavy 
bedded,  purer  quartzites. 
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The  ore  body  conforms  in  dip  and  strike  with  the  quart- 
zites. It  is  a  replacement  deposit,  the  sulphides  replacing  the 
fine  grained  quartzites. 

The  hanging  wall  and  foot  wall  are  not  well  defined  and 
the  ore  grades  gradually  into  the  country  rock,  except  when 
the  country  rock  consists  of  thin  bedded  slaty  quartzites 
which  are  evidently  difficult  to  replace.  In  the  upper  workings 
close  folding,  later  than  the  ore  deposition,  increases  the  real 
width  of  the  ore. 

The  ore  body  is  arranged  in  distinct  zones  which  grade 
imperceptibly  into  one  another. 

The  centre  of  the  lode  is  occupied  by  a  fine  grained  mixture 
of  galena  and  zinc  blende,  in  which  masses  of  pure  galena  occur 
as  large  lenses.  It  is  these  lenses  that  constitute  the  valuable 
ore.  They  occur  either  singly  or  as  two  parallel  shoots  separat- 
ed by  one  of  poorer  grade.  The  gangue  in  this  inner  zone  is 
absent  except  for  a  few  idomorphic  crystals  of  a  pink  manganese 
garnet.  This  inner  zone  gradually  passes  exteriorly  into  a 
fine-grained  mixture  of  pyrite,  pyrrhotite,  and  zinc  with  some 
grains  of  actinolite.  The  sulphides  gradually  diminish  in 
amount  and  finally  give  way,  especially  on  the  foot  wall,  to 
fine-grained  chert  which  is  present  when  the  country  rock  is 
a  heavy  bedded  purer  quartzite,  and  is  absent  when  a  more 
argillaceous  slaty  member  constitutes  the  wall  rock. 

Replacement  is  very  well  shown  in  most  parts  of  the 
deposit  since  alternate  banding  of  ore  and  quartzite  is  seen 
near  the  periphery  of  the  ore  masses  where  the  relative 
susceptibility  to  replacement  of  the  laminae  of  the  quartzite 
is  different. 

Concentration. 

The  object  of  concentration  is  the  separation  of  the 
intimately  mixed  lead,  zinc  and  iron  sulphides.  Flotation 
machines  and  tables  are  used  in  the  process,  in  rather  intricate 
combination,  the  flow  sheet  being  complicated  because  of  the 
re-treatment  of  the  zinc  concentrate  on  tables,  the  lead  con- 
centrate in  a  secondary  flotation  machine  and  the  cleaning 
of  the  tailing  from  the  zinc  machine. 
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Omitting  many  of  the  details,  the  treatment  may  be 
described  briefly  as  follows. 

The  ore,  crushed  to  %-inch  in  size,  is  brought  to  the 
concentrator  in  drop  bottom  Canadian  Pacific  Railway  cars. 
They  are  emptied  as  required  into  two  bins;  number  one 
having  a  capacity  of  100-tons  and  number  two  a  capacity 
of  200-tons. 

Ore  from  number  one  bin  feeds  a  100-ton  unit  and  ore 
from  number  two  bin  feeds  a  1,000-ton  unit. 

Ore  from  number  two  bin  is  conveyed  to  an  8  ft.  by  48  in. 
Hardinge  Conical  ball  mill  and  ground  wet.  The  discharge 
from  the  mill  is  pumped  by  a  four  inch  Krogh  pump  and  a 
four  inch  Wilfey  pump  to  a  distributor.  From  the  distributor 
part  of  the  pulp  is  laundered  to  the  head  of  number  one  Duplex 
Dorr  classifier  which  is  in  closed  circuit  with  number  one 
Tray  lor  tube  mill.  A  second  portion  of  the  pulp  flows  to  the 
head  of  number  two  and  three  Duplex  Dorr  classifiers  which 
are  in  closed  circuit  with  number  two  Traylor  tube  mill. 
A  third  portion  is  laundered  to  the  head  of  number  six  Duplex 
Dorr  classifier  which  is  in  closed  circuit  with  a  5  ft.  by  18  ft. 
Chalmers  and  Williams  tube  mill.  The  overflow,  which  is  the 
flotation  feed,  from  each  of  these  Duplex  Dorr  classifiers  flows 
to  a  four  inch  Krogh  pump  which  pumps  the  pulp  to  a  V-tank. 
The  object  of  the  V-Tank  is  to  provide  a  steady  feed  for  the 
flotation  machines. 

The  flotation  feed  is  discharged  from  the  V-tank  into  a 
launder  which  leads  to  a  Standard  Minerals  Separation  machine 
having  twenty-four  cells.  The  agitation  cells  are  each  three 
feet  square  by  four  feet  seven  inches  deep  and  have  cast  iron 
liners. 

The  feed  is  introduced  into  the  first  agitator  cell,  at  the 
motor  end  of  the  machine  for  agitation  only.  From  this  cell 
it  passes  to  a  second  cell  through  an  opening  in  the  partition. 
From  this  second  agitating  compartment,  the  pulp  passes 
into  the  first  spitzkasten  where  the  first  lead  concentrate  is 
removed  by  means  of  a  revolving  paddle  driven  from  the  main 
line  shaft.  The  remaining  pulp  passes  through  a  pipe  to  the 
third  agitating  cell.  From  this  agitating  cell  the  pulp  passes 
to  a  second  spitzkasten,  and  so  on  through  the  machine  until 
it  is  introduced  into  the  twenty-fourth  cell.     The  pulp  in  this 
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cell  is  lifted  by  the  impeller  and  discharged  into  a  launder 
which  goes  to  the  mixing  cell  of  number  four  Standard  M.S. 

The  accompanying  diagram  shows  the  construction  of  a 
Standard  Minerals  Separation  machine. 

The  line  shaft  is  driven  by  a  100  horse-power  motor  at  a 
speed  of  440  revolutions  per  minute.  The  impellars  are  of 
the  usual  Minerals  Separation  type,  having  blades  at  forty-five 
degrees  to  the  vertical.  Each  pair  of  impellers  are  arranged 
so  that  they  revolve  counter  clockwise.  This  tends  to  balance 
the  side  thrust  on  the  line  shaft. 

Number  one  M.S.  machine  makes  a  rough  lead  concentrate 
in  the  first  twenty  cells  and  a  zinc  concentrate  on  the  last  four 
cells. 

The  lead  concentrate  from  number  one  goes  to  number 
two  and  number  three  M.S.  machine  of  the  sub-aeration  type 
for  cleaning.  Two  and  three  are  combined  into  one  machine 
consisting  of  eight  cells.  The  concentrate  from  number  two 
are  recleaned  in  number  three  machine  and  the  tailing  from 
number  two  is  pumped  by  a  four  inch  Krogh  pump  to  a  surge 
tank.  Tailings  from  number  three  are  returned  to  number 
two  M.S. 

From  the  surge  tank  the  tailing  flows  by  gravity  to  the 
previously  mentioned  Hardinge  mill  where  it  is  reground  with 
the  original  feed.  The  lead  concentrate  is  pumped  to  a  forty 
foot  Dorr  Thickener  for  dewatering.  The  overflow  from  the 
thickener  goes  to  the  Hardinge  mill  and  the  underflow  is 
pumped  by  a  Duplex  Dorr  pump  to  a  four  foot,  six-leaf, 
American  filter.  The  filter  cake  containing  about  eight  per 
cent  moisture  drops  on  a  conveyor  belt  and  is  dumped  into 
small  V-cars  for  shipment  to  the  Lead  Smelter.  The  overflow 
from  the  filter  flows  by  gravity  to  the  thickener  and  the  filtrate 
goes  to  waste. 

The  zinc  concentrate  from  the  last  four  cells  of  number 
one  machine  and  the  zinc  concentrate  from  number  four  M.S. 
are  sent  to  Deister  Overstrom  tables  for  final  treatment. 

The  tailing  from  number  four  M.S.  flows  to  a  6  ft.  by  25  ft. 
Duplex  Dorr  classifier.  The  overflow  from  the  classifier  goes 
to  the  zinc  cleaner  (No.  5  machine).  This  machine  has  ten 
cells  and  is  of  the  M.S.  sub-aeration  type.  The  classifier  sands 
flow  to  a  four  inch  Krogh  pump  by  which  they  are  pumped  to 
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a  six-foot  Allen  cone.  The  spigot  discharge  from  the  cone  is 
ground  in  a  6  ft.  by  6  ft.  Chalmers  and  Williams  ball  mill  and 
the  discharge  from  the  mill  is  pumped  back  into  the  cone. 
The  overflow  from  the  cone  goes  to  the  zinc  cleaner.  The  zinc 
cleaner  makes  a  zinc  concentrate  and  a  final  tailing.  The 
concentrate  is  sent  to  the  tables  for  final  treatment.  The 
tailing  is  distributed  between  two  four-inch  Krogh  pumps, 
one  of  which  pumps  part  of  the  tailing  directly  to  waste,  and 
the  other  pumps  the  remainder  to  a  Gentner  thickener  where 
part  of  the  solution  is  reclaimed  and  sent  to  a  forty-foot  storage 
tank  from  which  it  is  pumped  throughout  the  circuit.  The 
underflow  from  the  Gentner  is  pumped  to  waste. 

The  combined  zinc  concentrate  are  treated  on  twelve 
Deister  Overstrom  tables  which  make  a  lead  concentrate,  a 
middling  which  is  retreated  on  three  Wilfey  and  two  Deister 
tables  and  a  tailing  which  is  the  final  zinc  concentrate.  The 
lead  concentrate  is  pumped  to  the  lead  thickener  and  the  zinc 
concentrate  is  distributed  between  two  forty  foot-Dorr  thicken- 
ers for  dewatering.  The  underflow  from  the  thickeners  is 
pumped  by  Duplex  Dorr  pumps  to  two  four-foot,  six-leaf, 
American  filters.  The  filtrate  goes  to  waste.  The  filter  cake 
drops  on  a  conveyor  which  conveys  the  zinc  concentrate  to 
small  Y-cars  for  shipment  to  the  zinc  plant  roasters. 

The  overflow  from  the  filter  is  returned  by  a  Frenier  Sand 
pump  to  the  thickeners.  The  filtrate  goes  to  the  Hardinge 
mill. 

The  feed  from  number  one  ore  bin  for  the  100-ton  unit  is 
conveyed  to  6  ft.  by  6  ft.  Chalmers  and  Williams  ball  mill 
where  it  is  ground  wet.  The  mill  discharge  goes  to  number 
seven  Duplex  Dorr  classifier.  The  sands  from  the  classifier 
are  returned  to  the  mill  for  regrinding  and  the  overflow  is 
pumped  to  a  Standard  M.S.  machine  having  sixteen  cells  each 
fifteen  inches  square. 

This  machine  makes  a  rough  lead  concentrate  which  is 
retreated  in  a  Callow  cell,  a  zinc  concentrate  which  is  combined, 
before  tabling,  with  the  zinc  concentrate  from  the  1,000-ton 
unit,  thus  receiving  re-treatment  on  the  tables.  The  tailing 
goes  to  waste.  The  final  lead  concentrate  from  the  Callow 
flows   to   the   previously  mentioned   lead   thickener   and  the 
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tailing  from  the  Callow  flows  to  the  6  ft.  by  6  ft.  Chalmers 
and  Williams  ball  mill  where  it  is  reground  with  the  original 
feed. 

Reagents  necessary  to  effect  the  separation  of  the  lead, 
zinc  and  iron  unfortunately  cannot  be  given. 

An  average  analysis  of  the  feed  and  products  is  as  follows : 

Pb.  Zn.  Fe. 

Per  cent  Per  cent  Per  cent 

Feed 13.1  15.1  31.1 

Pb.  concentrate 57.2  11.9  8.9 

Zn.  concentrate 6.8  36.2  21.6 

Tailing 2.4  3.3  44.3 

The  sampling  at  the  mill  is  carried  out  in  the  following 
manner.  The  feed  sample  is  cut  out  at  the  coarse  crushing 
plant  at  Trail.  Grab  samples  are  taken  of  concentrate, 
middling  and  filter  cake  at  regular  intervals  for  daily  record. 
The  final  tailing  samples  (two)  are  taken  by  means  of  an 
Automatic  Flood  sampler  which  works  every  fifteen  minutes. 
The  lead  and  zinc  concentrate  are  officially  weighed  and 
sampled  at  time  of  shipment  to  the  Lead  Smelter  and  Zinc 
Plant.  All  samples  are  sent  to  the  General  Assay  office  for 
analysis. 

Zinc  Plant. 

The  first  electrolytic  zinc  to  be  marketed  in  America,  was 
produced  in  a  1-ton  experimental  plant  treating  Sullivan  ore 
at  Trail,  British  Columbia  by  the  Consolidated  Mining  and 
Smelting  Company.  Since  the  first  commercial  electrolytic 
zinc  was  produced  in  1914  the  company's  product  has  been 
continuously  on  the  market,  and  is  now  being  produced  from 
a  very  efficient  100-ton  plant. 

The  present  electrolytic  zinc  plant  was  built  during  1915 
and  the  first  zinc  produced  in  March,  1916. 

A  special  plant  for  handling  custom  zinc  ores  was  put  in 
operation  on  June,  the  first,  1922. 

The  company  depends  almost  entirely  on  the  ore  from 
its  Sullivan  mine  at  Kimberly,  to  supply  the  electrolytic  zinc 
plant. 

Roasting  Division. 

The  process  for  treating  zinc  by  wet  methods  requires  the 
zinc  to  be  in  the  form  of  oxide  or  sulphate.    Therefore  the 
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sulphide  ores  of  zinc  must  be  roasted.  The  guiding  principle 
in  roasting  ores  for  zinc  leaching  is  to  obtain  a  maximum 
percentage  of  soluble  zinc.  This  means  that  the  percentage 
of  zinc  sulphide  remaining  in  the  calcine  must  be  reduced  to 
a  minimum.  The  roasting  should  be  carried  on  long  enough 
and  the  ore  sufficiently  rabbled  to  allow  the  oxygen  to  penetrate 
completely  to  the  core  of  each  particle  of  ore.  Oxidation  on 
the  lower  hearths  is  often  assisted  by  using  the  air,  after  it 
has  passed  through  the  rabble  arms  for  cooling,  as  well  as  the 
air  derived  from  the  draft. 

It  does  not  matter  if  some  zinc  sulphide  is  converted  to 
zinc  sulphate  during  roasting,  since  it  is  soluble.  The  formation 
of  zinc  sulphate  is  probably  due  to  the  direct  addition  of  oxygen 
to  zinc  sulphide  according  to  the  equation: 

ZnS  +  202  =  ZnS04. 

The  size  of  the  ore  particles  affects  the  amount  of  zinc 
sulphate.  If  the  particles  are  large,  less  sulphate  is  formed 
than  when  the  ore  is  finely  powdered.  The  temperature  of 
the  bottom  hearth  controls  the  amount  of  sulphate  in  the 
calcine.  The  conditions  of  roast  and  temperature  are  regulated 
with  a  view  to  leaving  about  three  per  cent  of  zinc  in  the  form 
of  zinc  sulphate,  and  the  rest  as  oxide.  Too  much  sulphate 
in  the  calcine  is  as  bad  as  too  little.  If  too  much  is  formed, 
the  electrolytic  decomposition  of  the  resulting  solution  will 
make  more  sulphuric  acid  than  the  ore  can  use  and  some  of 
it  will  have  to  be  neutralized  or  thrown  away.  The  solution 
cannot  be  thrown  away  as  the  electrolytic  plant  never  strips 
the  solution  of  zinc.  To  overcome  this  difficulty  the  roast  is 
controlled  as  previously  mentioned  so  as  to  make  only  slightly 
more  zinc  sulphate  than  is  needed  by  the  plant.  If  at  any 
time  the  sulphates  are  high  and  the  acid  must  be  reduced 
limerock  is  added. 

The  size  of  the  ore  particles  also  has  an  effect  on  the  speed 
of  roasting.  The  presence  of  coarse  pieces  of  zinc  sulphide  in 
the  furnace  feed  not  only  make  it  necessary  to  roast  the  whole 
batch  longer,  but  the  finer  particles  are  in  danger  of  being 
over-roasted. 

Tests  run  on  different  sizes  show  that  the  solubility  of  the 
zinc  in  the  smallest  sizes  falls  off  before  the  zinc  sulphide  in 
the  coarsest  size  has  been  completely  roasted. 
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Overheating  zinc,  during  roasting,  causes  several  objection- 
able things  to  take  place.  For  instance,  galena  which  is 
easily  fusible  will  tend  to  fuse  and  coast  the  surfaces  of  zinc 
sulphide  particles  so  that  they  cannot  be  oxidized.  Zinc  oxide 
tends  to  combine  with  ferric  oxide  to  form  zinc  ferrite,  Zn 
Fe2  O4,  which  for  commercial  leaching  solutions  is  insoluble. 
In  the  case  of  the  Sullivan  ore  which  contains  marmatite  (ZnS. 
containing  iron  sulphide  in  "solid  solution"),  the  resulting  zinc 
and  iron  oxides  are  formed  in  practically  molecular  contact 
and  therefore  will  combine  with  each  other  at  almost  any 
temperature  met  with  in  the  roasting  furnace.  The  formation 
of  zinc  ferrite  in  the  roasting  of  Sullivan  ore  was  investigated 
by  Mr.  E.  H.  Hamilton,  Mr.  G.  Murray,  and  Dr.  Mcintosh. 

The  following  is  a  brief  outline  of  their  work. 

Early  in  the  development  of  the  electrolytic  method  of 
producing  zinc  from  the  Sullivan  ore  it  was  noticed  that  a 
large  amount  of  zinc  could  be  extracted  by  dilute  sulphuric 
acid,  in  a  few  minutes,  but  that  the  remainder  could  only  be 
removed  by  prolonged  boiling.  This  insolubility  was  not  due, 
apparently,  to  the  particles  of  the  zinc  compounds  being 
protected  by  the  lead  sulphate  in  the  calcine,  for  on  removing 
the  lead  salt,  no  increased  solubility  was  obtained.  Finally 
it  was  ascertained  that  a  high  temperature  in  roasting  increased 
the  amount  of  insoluble  zinc,  although  the  calcine  produced 
might  contain  less  sulphur  as  sulphide  than  one  made  at  a 
lower  temperature. 

The  insoluble  zinc  must  be  due  to  the  iron,  since  high 
grade  zinc  ores  gave  greater  percentages  of  soluble  zinc;  the 
lead  sulphate  we  have  shown  to  be  innocuous,  so  that  the 
complexes  formed  with  iron  must  cause  low  extraction. 

The  first  part  of  the  work  consisted  of  experiments  with 
pure  zinc  oxide  and  ferric  oxide.  Later,  some  roasting  and 
leaching  tests  were  made  on  various  ores  to  find  out  how  far 
the  results  obtained  from  the  pure  compounds  applied  to  the 
minerals. 

A  mixture  of  zinc  oxide  and  ferric  oxide,  ground  to  120 
mesh,  was  made  to  correspond  to  the  chemical  formulae 
ZnO.Fe203.  This  was  reground  to  bring  about  a  very 
intimate  mixture,  and  the  tests  were  made  at  various  tem- 
peratures in  a  muffle  furnace  heated  by  electricity. 
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Fig.  3.    Roasting  Sullivan  Ore. 
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After  heat  treatment  the  material  was  again  ground  anci 
leached  with  hot  ammonia  and  ammonium  chloride  solution, 
and  the  loss  in  weight  found.  From  these  results  the  amount 
of  zinc  oxide  that  entered  into  combination  was  determined. 
The  results  are  shown  in  the  accompanying  curve  number  one. 
From  the  curves  it  will  be  seen  that  the  temperature  has  a 
great  effect  on  the  speed  with  which  the  reaction  takes  place. 

At  1,600  degrees  F.  the  combination  is  complete  at  the 
end  of  one  hour.  At  1,500  degrees  F.  it  is  complete  in  five 
hours  and  probably  sooner.  At  1,400  degrees  F.  the  reaction 
is  eighty-eight  per  cent  complete  in  three  hours  and  complete 
in  eight  hours. 

Tests  were  run  on  the  Sullivan  ore  and  it  was  found  that 
the  amount  of  insoluble  zinc  present  after  roasting  is  very 
close  to  the  theoretical  amount  that  should  be  formed  as  zinc 
ferrite.  Curve  number  two  shows  the  extraction  of  zinc  from 
Sullivan  ore  roasted  at  different  temperatures. 

From  the  tests  carried  out  by  the  investigators  it  was 
proven  that  zinc  oxide  and  ferric  oxide  will  combine  readily 
at  temperatures  above  1,200  degrees  F.,  the  amount  of  com- 
bination depending  principally  on  temperature  and  time. 

In  roasting  ore  in  Wedge  furnaces,  however,  in  order  to 
desulphurize  the  ore  sufficiently,  it  is  not  possible  to  keep  the 
temperature  down  to  a  point  at  which  the  formation  of  zinc 
ferrite  does  not  occur.  In  the  upper  part  of  the  furnace 
especially,  it  is  difficult  to  keep  the  ore  from  becoming  too 
hot  owing  to  the  large  amount  of  sulphur  present,  but  it  is 
possible  that  by  decreasing  the  frequency  of  the  rabbling,  the 
ore  might  be  kept  for  a  longer  time  in  the  furnace  and  subjected 
to  a  lower  temperature;  as  the  more  rapid  the  stirring  while 
the  sulphur  is  burning  readily,  the  higher  the  temperature 
attained. 

A  better  extraction  of  zinc  might  be  obtained  from  an 
ore  high  in  iron  in  four  ways: 

First.        By  roasting  at  a  low  temperature. 

Second.    By  eliminating  the  iron  before  roasting. 

Third.  By  the  addition  of  some  substance  to  the  ore 
which  would  prevent  the  combination  of  the 
two  oxides. 

Fourth.  By  finding  some  solvent  for  the  zinc,  which 
would  leave  the  iron  oxide  undissolved. 
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Sulphur  is  not  the  only  element  eliminated  in  the  roasting 
of  the  ore.  Arsenic  and  antimony  are  largely  eliminated  but 
not  completely.  Cadmium  also  tends  to  concentrate  in  the 
fume  from  the  roasting  furnaces.  Copper  which  is  present 
usually  in  small  quantities  is  over-roasted  to  an  insoluble  oxide 
consequently  only  a  small  percentage  of  the  copper  is  soluble 
in  dilute  sulphuric  acid. 

The  roasting  of  the  concentrate  high  in  iron  presents  many 
difficulties.  It  is  essential  that  a  maximum  amount  of  iron 
in  the  concentrate  be  oxidized  to  the  ferric  condition,  other- 
wise it  would  be  impossible  to  obtain  a  complete  precipitation 
of  the  iron  or  the  complete  removal  of  the  arsenic  or  antimony 
simultaneously  with  the  iron;  a  result  which  is  obtained  when 
the  pulp  is  neutralized  in  the  leaching  operation. 

The  roasting  installation  consists  of  thirteen  of  the  same 
type  of  Wedge  furnaces.  There  are  six  of  these  furnaces  in 
number  one  roaster  building  and  seven  in  number  two 
building. 

Each  furnace  consists  of  a  brick  lined  steel  shell,  with 
vertical  seams  double  riveted,  twenty-five  feet  outside  diameter. 
The  total  thickness  of  the  lining  is  two  feet,  four  inches  of  fire 
brick  and  the  remainder  common  brick.  There  are  seven 
hearths  and  one  open  dryer  hearth  on  top,  a  five  foot  hollow 
revolving  centre  shaft,  lined  with  specially  constructed  silica 
brick,  carries  fourteen  air-cooled  arms,  two  for  each  hearth 
and  four  arms  on  the  dryer  hearth.  The  rabbles  or  stirring 
blades  are  removable,  and  if  one  breaks,  it  can  easily  be 
replaced. 

On  hearths  two,  four  and  six  there  are  provided  special 
drop-holes  besides  the  central  discharge  opening.  This  arrange- 
ment permits  the  ore  to  descend  in  the  drop-holes  and  the  gas 
to  ascend  in  the  central  annular  spaces  between  the  shaft  and 
hearths;  the  amount  of  flue  dust  formed  is  thus  greatly  dim- 
inished. Around  the  drop-holes  there  is  also  specially  con- 
structed silica  brick. 

Each  furnace  has  a  five  to  seven  and  a  half  horse-power 
motor,  directly  connected  to  a  series  of  enclosed  reducing 
gears  from  which  the  centre  shaft  is  turned  by  a  bevel  pinion 
which  meshes  into  the  master  gear  below.  The  master  gear 
rests  on  six  idler-rollers.    The  shaft  makes  one  revolution  in 
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3.5  minutes.  This  rate  can  be  altered  by  changing  the  driving 
pulley.  Air  for  cooling  the  rabble-arms  is  supplied  by  a  Sorocco 
fan  driven  by  a  7.5  horse-power  motor.  Air  from  the  fan  is 
delivered  through  a  vertical  pipe  in  the  centre  of  the  shaft 
to  a  water  seal  revolving  with  the  centre  shaft  and  connected 
to  the  air  supply  mains  by  a  swivel  joint. 

The  accompanying  diagram  shows  the  flow  of  air  to  the 
rabble-arms.  Each  arm  has  a  separate  connection  with  the 
main  supply.  Section  A  supplies  the  air  for  one  arm  on  each 
hearth  and  section  B  supplies  the  other  arm.  The  warmed 
air  is  assembled  in  a  collecting  pan  and  part  of  it  is  delivered 
to  the  fifth  hearth  to  assist  in  the  oxidation  of  the  ore  particles 
and  the  remainder  goes  to  waste. 

The  roasters  are  fired  on  the  seventh  hearth  by  two  coal 
fired  combustion  chambers  located  at  opposite  ends  of  a 
diameter  of  the  furnace.  Two  and  three-quarter  tons  of  coal 
per  twenty-four  hours  is  required  per  roaster. 

If  at  any  time  the  temperature  of  a  hearth  should  decrease, 
it  can  be  raised  by  turning  on  an  oil  burner.  The  oil  burners 
are  also  used  in  starting  up  a  furnace  so  as  not  to  make  too 
many  sulphides  in  the  calcine.  In  starting  up  thirty-two  hours 
are  required  to  bring  the  feed  to  the  proper  roast.  With  the 
usual  feed  eight  or  twelve  hours  is  consumed  in  the  passage 
of  a  given  particle  of  ore  through  the  furnace,  while  the  sulphur 
content  is  reduced  from  approximately  31  per  cent  to  5  per 
cent  of  sulphate  or  sulphide  sulphur.  Thus  there  is  always 
eight  hours  feed  in  the  furnace. 

The  temperature  of  the  hearths  vary  according  to  the 
nature  of  the  ore.  The  average  temperature  on  the  second 
hearth  is  1,300  degrees  F.  This  high  temperature  is  caused 
by  the  high  iron  sulphides.  The  temperature  of  the  sixth 
hearth  is  about  1,225  degrees  F.  and  must  not  fall  below  this 
or  sulphides  will  pass  down  through.  If  the  second  hearth  is 
made  the  low  temperature  hearth  the  sixth  will  necessarily 
have  to  be  raised  to  get  rid  of  the  sulphides.  The  temperatures 
of  the  second  and  sixth  hearths  are  recorded  by  a  Wilson- 
Maeulen  pyrometer,  the  recording  mechanism  of  which  may 
be  connected  to  a  central  switch  box.  The  part  immersed 
in  the  furnace  consists  of  nichrome  steel  and  iron  insulated 
from  one  another  by  asbestos  and  encased  in  a  special  steel 
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tube,  three-quarters  of  an  inch  in  diameter.  After  this  tube 
has  been  in  the  furnace  for  a  time  a  coating  of  oxide  forms 
on  the  surface  and  protects  the  rest  of  the  steel.  This  pyro- 
meter is  good  for  temperatures  up  to  1,800  degrees  F.  The 
thermo-couple  is  introduced  in  the  shell  so  as  to  project  against 
the  rcof  of  the  hearth  and  clear  the  rabble  arms.  By  inserting 
the  tube  in  this  manner  the  correct  temperature  is  recorded 
as  it  has  been  found  that  the  temperature  of  the  oxidizing 
surface,  middle  of  hearth  and  roof  are  practically  the  same. 

The  handling  of  the  feed  for  the  roasters  is  as  follows: 
The  zinc  concentrate,  from  the  previously  described 
flotation  mill,  is  delivered  to  a  fifty-ton  bin  which  supplies 
number  one  and  two  roaster  buildings.  The  feed  for  the 
two  roaster  buildings  is  conveyed  from  the  bin  to  the  feed 
floor  of  number  one  roaster  building  by  an  eighteen  inch,  four 
ply,  rubber  belt  conveyor.  The  feed  is  now  divided,  part  of 
it  going  to  number  two  roaster  building  by  means  of  a  cross 
belt  and  the  remainder  falls  on  an  eighteen-inch  conveyor, 
which  runs  over  the  top  of  the  hopper  for  each  furnace.  An 
automatic  reversible  tripper  distributes  the  feed  to  each  hopper. 
Each  hopper  is  equipped  with  an  apron  feeder  driven  by 
gearing  to  the  revolving  centre  shaft,  and  designed  so  as  to 
regulate  the  rate  of  feed  as  desired.  The  amount  of  feed  is 
controlled  by  the  depth  of  bed  on  the  dryer-hearth. 

The  rabbles  on  the  arms  (previously  mentioned)  are  set  so 
as  to  move  the  material  from  the  circumference  to  the  centre 
of  the  furnace,  and  vice  versa,  on  alternate  hearths,  delivering 
it  finally  to  a  spiral  conveyor,  nine  inches  in  diameter,  making 
about  twenty-eight  revolutions  per  minute.  The  conveyor  is 
placed  at  the  back  of  the  roasters  and  is  in  two  lengths  which 
are  driven  by  five  and  seven  and  one  half  horse-power  motors, 
respectively.  The  calcine  is  delivered  from  each  of  the  six 
furnaces  of  number  one  roaster,  through  a  dust  proof  box  to 
the  conveyor.  The  calcine  travels  through  the  spiral  con- 
veyor towards  the  centre  to  a  dust  proof  hopper  from  which 
it  is  conveyed  by  a  twelve-inch  spiral  conveyor  travelling  at 
thirty-one  revolutions  per  minute.  A  similar  installation 
delivers  the  calcine  in  number  two  roaster  building  to  the 
same  twelve-inch  conveyor.  This  conveyor  delivers  the 
calcine  to  the  foot  of  a  chain  and  bucket  elevator  which 
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elevates  the  calcine  to  the  Pachuca  floor  of  the  leaching  plant. 
The  spiral  conveyors  are  in  duplicate  in  case  of  breakdowns. 
These  conveyors  are  cast  in  six-foot  lengths  which  are  bolted 
together  through  flangers.    They  revolve  on  idler-rollers. 

The  hot  fuel  gases  from  the  fire  boxes  pass  through  an 
adjustable  port  on  the  sixth  roasting  hearth  and  travel  upward 
in  a  direction  opposite  to  that  of  the  ore;  the  mixture  of  fuel 
and  sulphurous  gas  is  withdrawn  from  the  first,  second,  third 
and  fourth  roasting  hearths  through  ports  provided  with 
dampers.  Each  of  these  port  openings  is  11  in.  by  40  in.  and 
it  is  by  these  openings  that  the  temperature  and  draft  is 
controlled  on  the  upper  hearths.  The  lower  hearths  are 
controlled  by  means  of  the  fire.  The  gases  are  carried  in 
cross-flues  to  a  main  building  flue  placed  between  the  two 
roaster  buildings  and  thence  to  a  Cottrell  precipitator  which 
will  be  described  in  detail  later.  From  the  treater  the  gases 
pass  by  a  connecting  flue  to  the  stack  which  is  constructed 
of  reinforced  concrete. 

Samples  are  taken  every  hour,  by  hand,  on  the  bottom 
hearth  of  each  furnace. 

An  average  analysis  of  the  calcine  roast  is  as  follows: — 
Fe  20.0%,  Zn  42.5%,  Pb  7.5%,  Sulphide  sulphur  0.7%, 
S04  2.6%,  ZnO  34%. 

The  following  is  a  screen  analysis  of  the  feed  to  the  roasters. 
Mesh.  Percent. 

+  150  2.0 

+  200  10.0 

—  200  88.0 

Cottrell  Precipitation. 

The  following  is  a  brief  outline  of  the  theory  of  the  Cottrell 
precipitator  for  treating  the  roaster  gases. 

When  a  gas  is  in  an  ionized  condition  and  passes  an 
electrostatic  field  its  ions  begin  to  travel  at  a  high  veloicty 
in  the  direction  of  one  or  the  other  of  the  electrodes  causing 
the  field.  If  the  electrodes  are  charged  to  a  high  potential 
they  become  the  ionizing  agents  as  well  as  the  source  of  the 
propelling  force.  These  highly  charged  ions  are  continually 
bombarding  any  solid  particle  that  may  be  in  the  field  and 
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impart  a  charge  of  like  potential  to  the  particle,  which  in  turn 
begins  to  travel  toward  the  electrode  of  opposite  polarity. 
If  one  of  tin-  electrodes  is  a  sharp  point  or  small  wire,  a  greater 
stress  is  set  up,  resulting  in  greater  ionization  from  this  elec- 
trode only.  Thus  the  gas  receives  a  static  charge  of  the 
same  polarity. 


Schematic      Corona     /  o     Caff  re//     Tube 

Fig.  5. 

It  is  these  principles  which  are  taken  advantage  of  in  the 
practical  electrical  precipitation. 

The  gases  to  be  treated  are  passed  upwards  or  downwards 
through  a  nest  of  tubes  at  a  velocity  not  greater  than  twelve 
feet  per  second.     Each  of  these  tubes  becomes  an  electrode, 
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while  the  other  electrode  is  formed  by  a  fine  wire  or  chain 
stretched  along  its  central  axis.  A  uni-directional  potential 
of  from  50,000  to  60,000  volts  is  applied,  charging  the  solid 
particles  in  the  gas  and  causing  them  to  be  deposited  on  the 
inner  surface  of  the  tube.  The  dust  is  collected  at  intervals 
by  vibrating  the  tubes  and  thus  shaking  the  dust  into  the 
bins.  At  these  times  both  the  current  and  the  gases  are  shut 
off  from  the  section  of  the  tubes  being  cleaned. 

At  night,  looking  down  through  a  tube,  one  notices  a  glow, 
called  the  aurora,  created  by  the  high  tension  current.  Figure 
3  shows  a  cross  section  of  a  tube.  It  shows  the  central  wire 
and  the  pipe  upon  which  the  deposit  is  received.  Upon 
passing  a  positive  electric  current  the  gases,  oxygen  and 
hydrogen,  respectively  are  ionized,  and  the  negative  ions 
attach  themselves  to  the  dust  particles  and  are  driven  to  the 
pipe  by  the  electric  field.  The  particles  with  the  plus  ions 
go  to  the  wire  from  a  smaller  region  of  plus  space  charge. 

One  precipitation  plant  treats  the  gases  from  thirteen 
roasting  furnaces.  The  main  object  of  this  equipment  is  to 
recover  the  zinc  that  would  be  lost  if  these  gases  were  discharged 
directly  to  the  atmosphere. 

The  course  of  the  roaster  gases  is  by  a  flue  thence  to  the 
Cottrell  treater,  consisting  of  sixteen  sections  of  thirty-two 
pipes  each. 

The  electrode  tubes  are  thirteen  inches  diameter  welded 
steel  pipes,  sixteen  feet  long.  They  are  belled  out  at  each  end 
to  reduce  the  brush  discharge  at  these  points  and  to  hold  them 
in  place.  Alternative  to  this  method  angle  irons,  with  the 
corners  rounded,  are  fastened  to  the  electrode-tubes,  to  hold 
the  pipes  in  place,  by  elevator  bolts,  the  heads  of  which  are 
countersunk.  The  gases  pass  downwards  through  these  tubes, 
thence  by  a  flue,  192  square  feet,  cross-sectional  area,  to  a 
number  16  Sturtevant  suction  fan  running  at  325  revolutions 
per  minute.  The  fan  is  driven  by  two  motors,  one  a  150 
horse-power  and  the  other  175  horse-power,  taking  265  horse- 
power. A  draft  of  .15  inches  is  obtained  on  the  roaster  side 
of  the  treater.  The  fan  drives  the  gases  to  a  twelve  foot 
diameter  stack,  206  feet  high. 

If  desired  the  flow  of  gases  may  be  by-passed  directly  to 
the  stack,  at  the  same  time  shutting  off  the  treater.  Either 
section  of  the  Cottrell  treater  may  be  cut  out  from  the  flow, 
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by  closing  the  top  and  bottom  dampers,  the  switches  opened 
and  the  tubes  vibrated  by  the  treaterman  striking  the  tubes 
with  a  hammer,  to  shake  the  dust  into  a  hopper  beneath. 
The  cleaning  being  completed,  the  current  is  turned  on  and 
the  dampers  re-opened  to  resume  operation. 

The  axial  electrode  is  a  number  nine  gauge,  iron  dog  chain. 
Thus  the  high  voltage  current  of  60,000  volts  has  to  jump 
across  the  6.25-inch  interval  between  the  electrode-wire  and 
the  electrode  tube. 

A  light  steel  grid  supported  on  three,  number  five  petticoat 
insulators  and  one  porcelain  bushing,  is  placed  over  the  top 
of  the  electrode  tubes.  One  such  frame  is  used  at  the  top 
to  support  the  electrode-wires  which  are  insulated  by  porcelain 
bushings.  The  electrode- wires  are  spaced  at  the  bottom  by 
similar  grid  supported  by  four,  number  five  petticoat,  100,000- 
volt  insulators. 

A  twenty-pound  weight  at  the  bottom  of  each  wire  holds 
it  taunt. 

Electrical  Apparatus.  —  In  order  to  obtain  a  uni-directionai 
current  at  the  high  voltage  used  a  motor-generator  set  consisting 
of  a  38-horse-power,  550- volt,  60-cycle,  1,800-r.p.m.,  3-phase 
induction  motor  and  112.5-ampere,  200-250- volt,  60  cycle, 
single-phase  generator.  On  an  extension  of  the  shaft  is  mount- 
ed a  thirty-inch  micarta  disc  of  J4-inch  thickness  on  which 
metallic  sectors  A  and  V  are  riveted  on  the  two  opposite 
quadrants.  A  brush  holder  is  arranged  so  that  the  brushes 
y,  b,  d,  and  z,  can  be  rotated  about  the  disc  to  the  proper 
position  for  rectification. 

The  wiring  diagram  of  the  rectifier  is  shown  in  figure  6. 

A  single-phase  transformer  25  Kva.,  220-60,000  volts, 
steps  up  the  generator  voltage  before  rectification. 

With  brushes  in  the  position  shown,  the  transformer 
terminal  is  connected  through  brush  z,  selector  V  and  brush  y 
to  ground,  the  other  being  connected  through  brush  b,  selector 
A  and  brush  d  to  the  discharge  electrode  in  the  treater.  When 
the  disc  has  rotated  forty-five  mechanical  degrees  the  tran- 
sformer terminals  are  open  circuited  and  at  forty-five  mechan- 
ical degrees  more  the  terminal  which  was  connected  to  ground 
is  connected  to  the  discharge  electrode  and  the  other  to  ground. 
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Depending  on  the  length  of  the  brush  and  the  arc  drawn  out 
when  open  circuiting  transformer  terminals,  we  have  twice 
each  cycle,  the  voltage  of  the  transformer  surpressed  between 
the  discharge  electrode  and  ground. 

For  protection  from  high  voltage,  on  the  generator  windings, 
two  condensers  are  connected  across  the  armature  terminals 
with  the  centre  grounded.  Other  equipment  consists  of  a 
switchboard  panel,  compensator,  field  rheostat,  circuit  breaker, 
recording  voltmeter  and  ammeter. 


TO   Treafcr 


lieu  fro/ 


Ground 


6/?ourfO       /?e  Ti/flft 


Gfiouruj 


Ft  y.  6  b///'/rt<7     /)  tag  rem   far     /7ec  r/ar7/ca/     /fecf/fier 

for     /iig  /7       Vo  t^a$ e  s 

Leaching  Division. 

The  process  of  wet  extraction  of  zinc  practised  at  Trail, 
is  *  'sulphate-leaching-and-electrolysis' ' . 

The  ore  having  been  properly  prepared,  as  described,  is 
treated  with  a  dilute  solution  of  sulphuric  acid  in  order  to 
take  the  zinc  into  solution  as  zinc  sulphate.  This  solution  is 
then  purified  from  all  interfering  elements  and  submitted  to 
electrolysis  in  order  to  recover  metallic  zinc  at  the  cathode 
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and  regenerate  the  sulphuric  acid  at  the  anode.  Since  this 
solution  is  used  again  for  leaching  more  ore,  care  must  be 
taken  that  undesirable  impurities  do  not  build  up  in  the  cyclic 
(ravel  of  the  solution.  The  purification  of  the  solution  is  the 
most  important  step  in  the  hydro  metallurgy  of  zinc  as  the 
electrolytic  cell,  for  decomposing  the  solution,  is  more  sensitive 
to  some  impurities  than  are  the  methods  of  detecting  them 
chemically. 

Properly  roasted  zinc  ore,  on  treatment  with  dilute 
sulphuric  acid  solution,  will  give  up  its  zinc  content,  forming  a 
zinc  sulphate  solution.  In  order  that  proper  purification  can 
take  place  it  is  necessary  to  form  a  neutral  zinc  sulphate 
solution,  and  this  requirement  introduces  complications  in  the 
leaching  process.  As  it  is  difficult  to  extract  all  the  soluble 
zinc  by  treating  a  batch  of  ore  with  just  enough  sulphuric  to 
extract  all  the  zinc  and  have  no  acid  left  over,  an  excess  of 
acid  is  used  and  the  excess  neutralized  with  zinc  oxide. 

The  leaching  of  the  zinc  from  the  calcine  by  a  cyclic  use 
of  acid  solution  is  conducted  in  two  stages  termed  the  '  'neutral" 
and  the  "acid  leach".  The  primary  object  of  the  "neutral 
leach"  is  to  bring  about  the  complete  precipitation  of  the  iron 
and  to  neutralize  the  free  acid  in  the  solution  by  means  of  the 
basic  constituents  of  the  roasted  concentrate.  The  primary 
object  of  the  "acid  leach"  is  to  remove  the  maximum  amount 
of  soluble  zinc  remaining  in  the  pulp  after  the  "neutral  leach" 
and  thus  produce  a  plant  tailing  low  in  zinc.  The  solution 
obtained  from  the  neutral  leaching  operation  is  purified  by 
precipitation,  by  means  of  zinc  dust,  the  metals  in  solution, 
namely,  cadmium,  copper  and  cobalt.  The  quantities  of  metals 
electro-negative  to  zinc,  that  are  permissible,  are  as  a  rule  less 
than  eight  milligrams  per  liter.  The  solution  is  then  electrolyz- 
ed.  Eighty  per  cent  of  the  solution  from  the  electrolytic  cells 
is  used  in  the  "acid  leach".  The  remainder,  together  with  the 
tailing  solution  from  the  acid  leach,  is  used  in  the  "neutral 
leach".  All  the  calcine  is  first  treated  in  the  "neutral  leach", 
and  the  pulp  is  thickened  and  treated  in  the  "acid  leach". 

The  accompanying  flow  sheet  indicates  diagramatically 
the  steps  in  the  process,  the  solution  following  the  heavy  lines 
and  the  solids  the  light  lines. 
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The  apparatus  used  in  the  "acid"  leaching  step  is  indicated 
by  A,  in  the  "neutral"  leaching  step  by  N,  in  the  purifying 
step  by  P,  and  in  washing  the  plant  tailing  by  W. 
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The  "Neutral  Leach".—  The  solution  used  for  leaching 
being  return  liquor  from  the  electrolytic  cells  contains  sulphates 
of  the  alkaline  earths,  small  quantities  of  iron,  variable 
quantities  of  manganese,  arsenic  and  small  quantities  of  other 
elements  which  may  accumulate  in  the  solution. 


lhi  Sullivan  Zinc  Ori     Whittkmore 

Purification  from  these  impurities  is  accomplished  in  a 
neutral  solution. 

In  the  plant,  fresh  roasted  concentrate  are  used  for  the 
neutralization  of  the  acid. 

All  of  the  calcine  from  the  roasters  is  fed  into  the  first 
of  a  series  of  four  10  ft.  by  30  ft.  Pachuca  agitation  tanks  and 
into  this  tank  is  also  run  the  tailing  solution  from  the  "acid 
leach"  and  about  five  per  cent  of  the  acid  electrolyte  or  tailing 
solution  from  the  electrolytic  cells. 

The  form  of  Pachuca  used  is  a  round,  wooden  tank,  10 
feet  in  diameter,  and  30  feet  high.  A  conical  bottom  is 
provided  so  that  any  particles  which  tend  to  settle  will  be 
deflected  to  the  centre.  The  central  lift-column  of  these 
agitators  is  square,  made  of  fitted  three-inch  plank,  held  toget- 
her by  wooden  straps  placed  two  feet  apart.  This  column  is 
cheap,  serviceable  and  has  proved  durable.  The  compressed 
air  is  introduced  by  means  of  a  lead  pipe  turned  upward  at 
the  base  of  the  column.  The  pulp  is  raised  from  the  point 
of  the  cone  to  the  top  of  the  tank  quite  rapidly.  About  twenty- 
two  pounds  of  air  pressure  is  required  per  Pachuca.  There  is 
a  condition  of  slow  settling  in  the  main  conical  tank  and  rapid 
hoisting  back  to  the  top  in  the  centre.  Particles  go  round  and 
round  in  the  tank  and  solids  and  solution  are  well  mixed 
together. 

A  certain  amount  of  manganese  dioxide  is  ground  in  a 
small  ball  mill,  in  some  of  the  return  electrolyte,  and  added 
to  the  neutral  Pachucas  to  assure  the  complete  oxidation  of 
the  iron.  If  the  iron  is  found  to  be  high,  in  the  neutral  Pachu- 
cas, manganese  dioxide  is  added  directly. 

The  excess  base  contained  in  the  calcine  completely 
precipitates  the  ferric  iron,  arsenic,  antimony  and  part  of  the 
cobalt.  These  chemical  precipitates,  together  with  the  inso- 
luble residue,  carry  down  all  the  freshly  formed  insoluble 
compounds  of  arsenic  and  antimony. 

A  controlled  amount  of  pulp  from  the  first  agitation 
Pachuca  is  by-passed  to  the  second,  and  the  pulp  is  advanced 
through  the  third  and  fourth  tanks  in  a  similar  manner,  the 
overflow  from  the  last  tank  being  divided  into  two  portions, 
each  flowing  to  a  pair  of  15  ft.  Dorr  classifiers  in  series,  the 
sand  from  the  first  Dorr  being  reclassified  in  the  second.     The 
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Dorr  classifier  consists  of  a  shallow  trough  into  which  the  pulp 
is  fed.  Moving  rakes,  made  of  an  allow  of  antimony  and  lead, 
push  thequickly  settling  sand  up  an  incline  out  of  the  pulp, 
while  the  slowly  settling  slime  is  kept  stirred  up  by  the  move- 
ment of  the  rake  arms  and  overflows  from  the  other  end  of 
the  machine  with  the  solution. 

The  overflow  from  the  Dorr  classifier  flows  to  a  forty- 
foot  Dorr  thickener  and  the  sands  from  the  classifier  is  delivered 
by  a  centrifugal  pump  to  the  "acid"  Pachucas. 

The  Dorr  continuous  thickener  consists  of  a  slow  moving 
mechanism  placed  in  a  suitable  tank,  by  means  of  which  the 
operation  of  settling  may  be  made  continuous  throughout,  the 
removal  of  the  settled  material  to  a  point  of  discharge  and  the 
prevention  of  its  accumulation  as  a  solid  in  the  tank. 

The  mechanism  consists  of  a  central  vertical  shaft  with 
radial  arms  equipped  to  bring  the  thickened  material  to  a 
discharge  opening  at  the  centre  by  the  slow  rotation  of  the 
mechanism.  The  thickened  material  is  pumped  by  a  Tadanac 
diaphragm  pump  from  one  thickener  to  the  other.  The 
machine  is  arranged  for  raising  the  shaft  so  that  the  arms  will 
not  be  imbedded  in  the  thick  material  if  the  power  should  be 
shut  off  for  any  length  of  time.  The  shaft  can  be  lowered 
again  gradually  while  running.  Shaft  and  gear  bracket  are 
supported  by  a  bridge  over  the  tank. 

The  thin  pulp  is  delivered  to  the  centre  of  the  tank  in  a 
suitable  well,  to  cause  the  minimum  disturbance,  and  the 
overflow  is  taken  off  by  a  peripheral  launder.  The  thickened 
pulp  is  withdrawn  continuously. 

The  neutral  thickeners  are  operated  at  one-eighth  revolu- 
tion per  minute  and  require  about  two  horse-power.  The 
acid  thickeners  are  operated  at  one-sixth  revolution  per  minute. 

A  forty-foot  Dorr  thickener  receives  the  pulp  from  the 
classifiers  and  acts  as  a  distributing  tank,  the  overflow  being 
delivered  to  four  forty-foot  and  three  thirty-two-foot  Dorr 
thickeners.  The  spigot  product  of  the  eight  thickeners  flows 
by  launders  and  pumps  to  the  "acid  leach",  and  the  overflow 
from  the  seven  outer  thickeners  is  combined  and  delivered  to 
the  "purification"  Pachucas. 

There  are  three  important  functions  performed  in  the 
neutral  leaching  operation. 
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First,  the  complete  oxidation  of  the  iron  by  the  manganese 
dioxide  and  the  complete  precipitation  of  the  iron  by  the 

basic  const itutents  of  the  ore.  The  soluble  arsenic  and  anti- 
mony is  also  almost  completely  removed  from  the  solution 
as  compounds  of  iron.  The  step  is,  then,  an  important  one 
from  the  point  of  view  of  purification,  all  three  of  these  im- 
purities being  extremely  detrimental  to  efficient  tank  room 
operation. 

Second,  the  acid  in  the  solution  is  neutralized  by  the  zinc 
oxide  in  the  calcine,  thus  bringing  about  the  solution  of  a 
portion  of  the  zinc.  This  neutralization  makes  possible 
effective  purification  in  subsequent  operations  as  noted  before. 

Third,  a  degree  of  flocculation  of  the  colloids  in  the 
solution  is  attained  which  makes  possible  the  settlement  of 
these  solids  and  their  efficient  removal. 

The  "Acid  Leach".  —  The  sands  from  the  neutral  classifiers 
and  the  spigot  product  from  the  neutral  Dorr  thickeners  are 
delivered  to  the  first  of  the  four  10  ft.  by  30  ft.  agitation  Pachu- 
cas  in  which  the  "acid  leach"  is  conducted.  To  the  tank  is 
added  ninety-five  per  cent  of  the  acid  electrolyte,  and  the 
pulp  is  advanced  through  a  series  of  tanks  in  the  same  manner 
as  in  the  "neutral  leach". 

The  overflow  from  the  fourth  tank  is  divided  into  two 
portions  as  in  the  "neutral  leach"  and  delivered  to  a  pair  of 
15- foot  Dorr  classifiers  in  series,  the  sands  from  the  first 
classifier  being  reclassified  in  the  second. 

The  sands  are  fed  to  a  6  ft.  by  6  ft.  Chalmers  and  Williams 
ball  mill,  and  the  ball  mill  product,  together  with  the  overflow 
from  the  classifier  is  fed  to  a  Standard  8-cell  Minerals  Separa- 
tion machine.  This  machine  is  double,  having  8-cells  back  to 
back.  One-half  always  being  ready  in  case  the  other  half 
breaks  down. 

The  overflow  from  the  last  cell  of  the  machine  contains 
about  one- tenth  free  sulphuric  acid.  The  oil  used  to  effect 
the  flotation  of  the  zinc  sulphides  is  number  205  Georgia 
Pine  Tar. 

About  15  tons  of  zinc  concentrate  containing  approximately 
30  per  cent  zinc  is  produced  per  day,  which  is  filtered  on  a  single 
four-foot  disc  American  filter.  The  filter  cake  drops  into 
small  V-cars  and  is  mixed  with  the  roaster  feed. 
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As  previously  stated,  the  roasting  of  zinc  ore  high  in  iron 
is  .attended  with  many  difficulties  due  to  the  necessity  of 
effecting  a  practically  complete  oxidation  of  the  iron.  A 
certain  amount  of  zinc  sulphide  remains  unaffected  and  this 
makes  necessary  its  recovery  by  flotation.  The  tailing  from 
the  M.S.  machine  and  filtrate  from  the  American  filter  are 
distributed  to  seven  forty-foot  Dorr  thickeners,  the  pulp  flow 
to  these  being  in  parallel.  The  acid  overflow  from  these 
thickeners  is  pumped  to  the  first  neutral  agitating  tank  or 
Pachuca  as  noted  before. 

Washing  the  Tailings.  —  It  is  necessary  to  remove  the 
soluble  zinc  from  the  spigot  product  from  the  acid  Dorr 
thickeners,  this  operation  being  performed  by  three  American 
filters  and  two  pug-mills  in  series.  Each  filter  consists  of 
eight  discs  six  feet  in  diameter.  Each  disc  is  made  up  of  ten 
filter  segments,  simply  but  firmly  clamped  to  the  central 
shaft  by  rods  extending  radially  from  the  shaft.  The  segment 
frames  are  made  of  bronze  and  covered  with  cocoa-matting 
over  which  a  woollen  covering  is  placed.  At  one  end  of  the 
central  shaft  is  the  driving  mechanism  for  rotating  the  disc. 
At  the  opposite  end  the  shaft  terminates  in  a  distributing 
valve  which  connects  the  various  pipe  compartments  of  the 
central  shaft  to  the  filtrate  and  wash  water  suction  lines  and 
the  back  pressure  line  for  discharging  the  cake. 

The  shaft  revolves  clockwise  when  viewed  from  the  valve 
end.  The  valve  proper  is  conically  ground  and  has  the  same 
number  of  ports  as  there  are  longitudinal  shaft  compartments. 
The  valve  housing  has  three  inner  recessed  openings  or  ports. 
Port  number  one  on  the  underside,  connects  the  filtrate  suction 
line  and  extends  around  the  periphery  of  the  valve  far  enough 
to  apply  suction  to  the  four  submerged  leaf  segments.  Follow- 
ing this  is  number  two  which  connects  the  wash  water  suction 
and  drying  line;  accommodating  the  upper  left  hand  leaf 
segments.  Port  number  three  admits  compressed  air  into 
each  leaf  segment  as  it  passes  this  port.  The  air  is  admitted 
for  a  few  seconds  only  and  is  cut  off  automatically;  thus 
inflating  each  separate  bag  and  discharging  the  cake  therefrom. 

The  entire  shaft  line  and  disc  arrangement  is  located  in  a 
container  tank,  lined  with  lead,  which  is  continuous  on  the 
overflow  side  or  half  of  the  filter,  while  the  opposite  or  discharge 
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side  is  provided  with  cast   iron  pans  lined  with  lead.     Ti 
half  pans  are  bolted  to  the  continuous  container  tank,  thus 
providing  a  discharge  space  for  each  filter  or  disc  into  the  car 

below.     About  twenty  pounds  of  air  is  required  to  discha 
the  filter  cake.    Sixteen  to  eighteen  inches  of  vacuum  is  obtain- 
ed from  five  14  in.  by  8  in.  Oliver  Vacuum  Pumps. 

The  filtrate  is  returned  to  the  feed  launder  of  the  Dorr 
thickener.  The  cake  from  this  filter  is  pulped  in  a  pug-mill 
with  the  filtrate  from  the  third  filter  and  the  pulp  filtered  on  a 
second  American  filter.  The  filtrate  from  this  filter  is  added 
to  the  feed  of  the  first  filter  and  the  cake  is  pulped  in  a  second 
pug-mill  with  water.  This  pulp  is  filtered  on  the  third  filter, 
the  filtrate  going  to  the  first  pug-mill  as  noted.  The  cake 
from  the  final  filter  drops  into  small  V-cars  and  is  delivered 
to  the  storage  dump. 

Purification  of  Zinc  Solution.  —  The  course  of  the  solids 
has  been  followed  through  the  leaching  plant  and  that  of  the 
solution  as  far  as  the  purification.  The  neutral  overflow  from 
the  neutral  Dorr  thickeners  is  pumped  to  the  first  of  three 
8  ft.  by  20  ft.  Pachucas.  An  amount  of  zinc  dust  sufficient 
to  precipitate  the  copper,  cadmium  and  the  remaining  traces 
of  cobalt  is  also  added  to  the  first  tank.  The  flow  of  the  solu- 
tion and  zinc  dust  through  these  tanks  is  in  series  and  from 
the  third  Pachuca  the  product  flows  to  a  twenty-three-foot 
Dorr  thickener.  The  overflow  from  the  Dorr  is  filtered  in 
eight  Kelly  filters  and  the  filtrate  pumped  by  four  Triplex 
pumps  to  two  sixty- foot  storage  tanks  which  supply  the 
electrolytic  tank  rooms  with  neutral  purified  solution. 

The  Kelly  pressure-filter,  consists  of  an  elevated,  inclined, 
fixed,  cylindrical  tank  of  boiler  iron,  which  is  closed  per- 
manently at  the  rear  by  boiler  iron,  and  temporarily  at  the 
front  by  a  cast  iron  head ;  the  latter  forms  part  of  a  truck  which 
being  balanced  by  two  counter  weights  is  easily  moved  up 
and  down  in  line  with  and  in  front  of  the  cylinder.  The  mouth 
of  the  cylinder  has  a  grooved  flange  with  rubber  gasket  and 
the  head  a  projecting  ring.  Along  the  inside  walls  of  the 
tank  is  a  track  for  the  travel  of  the  second  truck  which  supports 
the  back  end  of  the  filter  carrier-frame  while  the  front  is 
connected  with  the  closing  head.  Thus  the  frame  can  be 
pushed  telescope- fashion  in  and  out  of  the  cylinder.     The 
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angle  of  the  track  and  balancing  weights  are  so  chosen  that 
the  frame  loaded  with  slime  will  move  downward,  while  it 
will  move  upward  when  empty.  In  order  to  obtain  a  tight 
joint,  the  head  is  pressed  on  to  the  flanged  tank  by  a  number 
of  radial  levers,  the  outer  ends  of  which  pass  through  lugs 
bolted  to  the  flange,  while  the  inner  ends  are  pivoted  to  a 
movable  collar  which  is  clamped  by  a  central  hand- wheel. 

There  are  two  large  filters  having  ten  leaves  and  a  filter 
area  of  850  square  feet  each,  five  medium  sized  filters  having 
a  filtering  area  of  450  square  feet  each  and  one  small  filter 
having  a  filtering  area  of  50  square  feet  and  six  leaves. 

The  filter  frames,  or  leaves,  are  rectangular  in  shape  and 
run  longitudinally  in  the  shell.  The  frames  are  all  of  the 
same  length  but  different  widths.  The  filter  leaves  are  made 
of  slotted,  flattened  pipes  with  a  heavy  double  crimped  wire 
screen,  solidly  spot  welded  into  the  slots.  The  frames  are 
entirely  enclosed  in  bags  of  cocoa-matting  which  is  again 
enclosed  in  six  ounce  canvas  to  make  a  suitable  cloth.  These 
bags  are  made  up  with  the  front  end  open  and  are  quickly 
drawn  over  the  frames  and  the  open  ends  then  sewed  up. 

The  upper  pipes  carrying  the  filter- frames  project  at  both 
ends.  The  front  ends  are  coupled  to  the  head  and  the  rear 
ends  rest  on  the  back  part  of  the  carrier  frame.  The  lower 
pipes  pass  through  the  head  and  discharge  the  filtrate  into  a 
launder  leading  to  a  Morris  pump  which  pumps  the  electrolyte 
to  the  storage  tanks.  There  are  pipes  for  wash- water  (electrolyte), 
and  air  pressure.  The  mode  of  operation  is  as  follows:  the  slime 
is  forced  in  by  four  Triplex  Gould  pumps  until  the  overflow 
pipe  also  near  the  head,  indicates  that  the  cylinder  is  full,when 
the  overflow  pipe  is  closed,  but  pumping  continued.  The  solution 
passes  off  through  the  filters  and  slime  cake  forms  upon  them 
until  they  have  become  one-half  inch  thick,  when  the  gauge 
at  the  top  of  the  cylinder  registers  a  pressure  of  about  fifty 
pounds  per  square  inch.  The  pump  is  now  stopped,  the 
discharge  valve  opened,  and  air  admitted  under  a  pressure 
of  fifty  pounds,  to  hasten  the  discharge  of  the  excess  pulp. 

The  filter  cake  is  delivered  to  a  storage  dump. 

Electrolyzing  Division. 

In  this  division,  the  zinc  is  deposited  from  its  solution  on 
aluminum  sheets,  from  which  it  is  stripped  at  regular  intervals. 
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Tin1  cells  in  which  this  deposition  lakes  place  are  divided  into 
units,  the  power  for  each  unit  being  supplied  by  a  motor- 
generator  set. 

The  deposited  zinc  is  stripped  from  the  aluminum  sheets 
by  hand  and  is  loaded  onto  small  cars  that  are  pushed  by 
hand  to  the  melting  division. 

The  electrolytic  division  consists  of  No.  1  tank  room  which 
contains  448  cells  arranged  in  fourteen  sections  of  thirty-two 
tanks  each  and  No.  2  tank  room  containing  384  tanks  (twelve 
sections).     In  other  respects  the  two  tank  rooms  are  similar. 

The  following  description  is  of  No.  2  tank  room  and 
equipment. 

As  stated,  the  No.  2  tank  room  contains  384  tanks,  arrang- 
ed in  twenty-four  parallel  rows  of  eight  double  tanks  to  the 
row,  the  tanks  in  each  row  being  arranged  in  cascade.  Between 
the  rows  of  tanks  there  are  30-inch  aisles.  At  the  lower  end 
of  the  room  is  a  floor  space  about  twenty-feet  in  width.  The 
stripping  of  the  cathodes  is  performed  in  the  aisles  and  the 
sheets  are  loaded  on  hand  trucks  and  pushed  to  the  bottom 
of  the  aisles  for  the  crane-man  to  load  on  trucks  running  on 
narrow-gauge  tracks  which  convey  the  cathode  sheets  to  the 
melting  furnaces  located  in  an  adjacent  building. 

Each  tank  has  a  longitudinal  partition  dividing  it  into 
two  cells.  The  tanks  are  made  of  concrete  reinforced  at  all 
corners  and  bottom  with  chicken-wire-mesh  wire  reinforcing. 
The  walls  and  bottom  are  four  inches  in  thickness  and  the 
partition  six  inches.  The  sides  and  bottom  were  formerly 
lined  with  Trinidad  asphalt  34  inch  in  thickness  but  as  the 
asphalt  blistered  the  electrolyte  soon  destroyed  the  concrete. 
This  difficulty  was  overcome  by  chipping  off  the  asphalt  and 
the  smooth  finish  of  concrete  and  relining  with  a  mixture  of 
sulphur  and  sand.  This  method  appears  to  be  quite 
satisfactory.  The  outside  of  the  tank  is  painted  with  asphalt 
paint. 

The  interior  dimensions  of  each  cell,  of  which  there  are 
two  to  a  tank,  are  27  inches  by  82  inches  long  by  36  inches 
deep.  Overflow  of  electrolyte  from  one  cell  to  the  next  lower 
in  the  cascade  is  through  a  length  of  two-inch  wood  fibre  pipe, 
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the  difference  of  elevation  of  the  tanks  being  four  inches. 
The  tanks  are  supported  on  concrete  piers  and  are  insulated 
from  the  piers  by  means  of  porcelain  blocks. 

At  the  inlet  end  of  the  tanks  a  cooling  coil,  containing 
30  feet  of  one  inch  chemical  lead  pipe  is  placed  to  keep  the 
electrolyte  under  35  deg.  C.  Ten  of  these  coils  are  provided 
for  the  eight  cells  in  the  cascade,  the  two  middle  cells  having 
two  coils  each,  one  located  at  each  end.  The  cooling  water 
flows  through  the  coils  in  the  four  upper  cells  of  the  cascade, 
discharging  into  a  launder  located  between  the  fourth  and 
fifth  tank  below  the  floor  level.  Another  portion  of  cooling 
water  is  passed  through  the  coils  of  the  lower  four  cells  of  the 
cascade  and  is  discharged  into  the  same  launder. 

The  neutral  zinc  solution  flows  from  the  storage  tank 
through  a  covered  launder  into  an  open  launder  running  the 
length  of  the  tank  room.  From  this  launder  the  solution  runs 
through  iron  pipes  and  is  fed  to  each  cell  of  the  cascade,  the 
amount  being  controlled  by  a  wooden  beer-spigot  which  is 
attached  to  the  iron  supply  pipe  by  a  short  length  of  rubber 
hose. 

The  amount  of  feed  is  so  controlled  that  the  content  of 
the  effluent  solution  is  between  50  and  55  grams  per  litre  of 
zinc  which  corresponds  to  an  acid  content  of  about  80  grams 
per  litre  of  sulphuric  acid.  This  flow  amounts  to  about  sixty 
tons  of  solution  per  thirty-two  cells  per  twenty-four  hours. 
The  effluent  solution  of  the  two  tank  rooms  is  stored  in  two 
sixty-foot  tanks  twelve  feet  high. 

Typical  analysis  of  the  electrolyte  as  it  enters  and  as  it 
leaves  the  cells  follow.     The  figures  represent  grams  per  litre. 


Influent  sol. 
Effluent  sol. 


Zn 

H2S04 

Cad 

Mn 

105 

nil. 

.04 

.2 

59 

80 

.018 

.015 

These  figures  call  attention  to  a  number  of  facts.  It  is 
desirable  that  the  effluent  solution  contain  approximately  50 
grams  of  zinc  per  litre,  for  the  reason  that  if  the  electrolyte  is 
impoverished  below  that  point  the  cells  become  'starved'  and 
the  re-dissolving  action  is  accelerated.  The  same  result  is 
found  when  the  free  sulphuric  acid  in  the  effluent  electrolyte 
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exceeds  80  grams.  Solution  of  the  strength  shown  establishes 
an  economic  balance  and  these  strengths  are  maintained  by 
the  regulation  of  the  rate  of  flow  through  the  cells. 

The  solution  analysis  reveals  the  fact  that  the  cadmium 
and  manganese  are  to  a  great  extent  precipitated  in  the  cells. 
Manganese  is  one  element  that  does  not  appear  to  have  any 
bad  effects  on  electrolysis.  A  large  part  of  the  manganese  is 
deposited  at  the  anode  as  hydra  ted  manganese  dioxide,  con- 
currently with  the  deposition  of  the  zinc  on  the  cathode. 
As  soon  as  a  unit  is  two  and  one-half  months  old  it  is  shut 
down  and  the  anode  sets  lifted  by  crane  and  scraped  thereby 
exposing  a  fresh  surface  and  increasing  the  current  efficiency. 

The  manganese  which  is  scraped  off  is  ground  and  used 
in  the  leaching  plant  as  previously  mentioned.  The  manganese 
which  falls  off  the  anodes  to  the  bottom  of  the  tank  is  also 
removed. 

The  anode  sets,  having  been  scraped,  are  then  straightened 
and  the  bad  ones  marked  to  be  cut  out.  New  anodes  are  set 
and  burned  in.  The  anode  sets  are  lined  up,  anodes  spaced, 
and  cathodes  put  in.  The  tanks  are  then  filled  with  electrolyte 
and  the  current  turned  on.  The  amperage  is  stepped  up 
gradually  from  2,400  to  4,000  amperes. 

Care  must  be  taken  to  avoid  short  circuiting.  This  is 
done  by  drawing  a  stick  through  the  solution  between  each 
anode  and  cathode  to  see  if  they  are  touching. 

There  are  twelve  separate  electric  circuits  for  No.  2  tank 
room,  each  circuit  consisting  of  two  rows  of  tanks,  making 
thirty-two  cells  per  circuit.  Each  tank  room  has  its  own 
generator  room  in  a  separate  building  which  parallels  it. 
In  No.  2  generator  room  there  are  located  six-motor  generator 
sets  supplying  current  for  No.  2  tank  room.  No.  1  generator 
room  adjoining  and  parallel  to  No.  1  tank  room  has  seven- 
motor  generator  sets.  Each  set  consists  of  one  1,158  kv.a., 
2,200-volt,  4,000-ampere  direct-current  generators,  the  current 
from  one  generator  supplying  one  circuit  of  thirty-two  cells. 
The  current  flow  is  from  the  anode  bus  on  the  inside  of  an  end 
tank  of  the  cascade  to  anodes,  through  the  solution  to  the 
cathodes,  to  a  cathode-anode  bus  on  the  outside  of  the  tank; 
in  other  words,  the  current  flows  across  the  two  cells  of  a  tank 
in  series.    The  current  is  in  series,  up  one  row  of  eight  tanks 
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(16  cells)  and  down  the  next  row  of  eight  tanks  (16  cells). 
Then'  is  thus  an  anode  bus,  an  anode-cathode  bus  and  a  cathode 
bus  for  each  tank ;  the  details  are  shown  in  figure  8. 

Each  cell  contains  seventeen  anodes  and  sixteen  cathodes, 
and  with  a  current  of  2,000  amperes  the  current  density  is 
27  amperes  per  square  foot  of  cathode  surface.  The  anodes 
are  spaced  four-inch  centres,  making  the  distance  from  anode 
to  cathode  surface  slightly  less  than  two  inches. 

Busbars.  —  One  difficulty  experienced  in  the  electrolysis 
of  zinc  from  a  sulphate  solution  with  lead  anodes  is  the 
sulphating  of  the  contact  between  the  anode  rod  and  the  lead 
of  the  anode.  This  is  due  to  the  acid  solution  being  sprayed 
on  the  anode  rod  by  the  bubbles  of  the  electrolyte  formed 
by  the  gas  liberated  at  the  anode.  The  difficulty  is  entirely 
overcomed  by  making  the  anode  bus  and  anode  rod  of  cast 
lead  and  burning  them  together.  This  also  reduces  the  loss 
due  to  contacts  between  an  anode  rod  and  a  busbar.  The 
anode  bus  is  made  of  cast  lead,  five  inches  high  and  four 
inches  wide.  Four  strips  of  rolled  copper  %  in.  by  4  in. 
cross-section,  two  extending  the  full  length  and  two  one-half 
the  length  of  the  busbar,  are  cast  into  the  lead.  These  extend 
beyond  the  lead,  the  free  ends  being  clamped  to  filler  strips 
of  34-inch  by  four-inch  rolled  copper,  these  in  turn  being 
clamped  to  the  cathode  bus  of  the  next  tank  in  the  series. 
The  anode  bus  rests  on  the  outer  wall  of  the  tank  and  is 
insulated  therefrom  by  porcelain  blocks. 

The  anode  cathode  bus  which  is  supported  by  means  of 
porcelain  tiles  on  the  partition  which  divides  the  tank  into 
two  cells,  is  also  made  of  cast  lead  and  is  U-shaped  in  cross- 
section,  the  horizontal  dimension  being  four  inches  and  the 
vertical  five  inches.  A  longitudinal  slightly  V-shaped  slot 
one  inch  wide  by  two  and  one-half  inches  deep  extends  the 
length  of  the  busbars  and  the  slot  is  faced  with  rolled  copper 
plates  14  inch  by  two  inches.  The  cathode  rods  are  wedged 
into  this  slot  when  placed  in  the  cell.  The  rods  supporting 
the  anodes  in  the  other  cell  of  the  tank  are  burned  to  this  bus 
in  the  same  manner  as  to  the  anode  bus. 

The  cathode  bus  bar  is  made  of  two  strips  of  M-inch  by 
four-inch  rolled  copper,  extending  the  length  of  the  tank  and 
spaced  one  inch  apart;  two  additional  strips  of  34-inch  by 


Sullivan  Zinc  Ore — Whittemore 


475 


four-inch  rolled  copper,  one  on  each  side  of  the  centre  strips, 
extend  one-half  the  length  of  the  tank.  The  four  strips  are 
clamped  to  filler  strips  and  make  electrical  connection  to  the 
anode  bus  of  the  next  tank  in  series,  as  previously  noted.  The 
cathode  rods  are  wedged  into  the  one-inch  space  between  the 
rolled  copper  strips  when  placed  in  the  cell.  The  strips  are 
held  in  cast  iron  saddles,  as  shown  in  figure  eight.  The  cathode 
bus  is  insulated  by  porcelain  plates  93^  by  6  by  V/i  inches. 
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The  cathode  anode-bus  rests  on  special  shaped  porcelain 
tiles  six  inches  wide.  These  have  a  two-inch  by  three-eight- 
inch  groove  on  the  upper  side  in  which  rests  a  tongue  of  the 
lead  of  the  busbar.  The  tile  has  a  tongue  on  the  underside 
which  is  imbedded  in  the  sulphur  on  the  top  of  the  partition 
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which  separates  the  lank  into  the  two  cells.  The  bus  is  in 
this  manner  held  firmly  in  place  and  perfectly  insulated.  The 
cast-iron  saddles  of  the  cathode  bus  rest  on  flat  porcelain 
insulators  and  the  anode  bus  is  insulated  in  the  same  manner. 

Anodes.  —  The  anodes  are  cast  from  electrolytic  lead 
which  is  chemically  pure  and  are  22  by  33  inches  by  }4  inch 
in  thickness.  The  anode  rod  is  cast  integral  and  is  2  by  \\{x 
inches  in  cross-section,  being  reinforced  by  a  one-half-inch 
round  iron  rod.  The  anode  rod  is  28.5  inches  in  length, 
extending  2J^  inches  beyond  the  edge  of  the  anode  on  one 
side  and  four  inches  on  the  other.  The  short  end  is  burned 
to  the  busbars,  the  long  end  rests  on  the  porcelain  tiles.  The 
anodes  are  immersed  in  solution  to  a  depth  of  31  inches. 

Cathodes.  —  Rolled  sheet  aluminum  one-tenth  of  an  inch 
thick  is  used  for  the  cathodes,  the  dimensions  being  24  inches 
wide  by  36  inches  long  (deep).  The  cathode  rod  is  made  of  a 
length  of  one-inch  round  rolled  copper  which  forms  the  electrical 
circuit  and  a  length  of  1  by  l^-inch  strap  iron  which  forms 
the  support  at  the  free  end.  The  details  are  shown  in  figure 
eight.  It  will  be  noted  that  the  end  of  the  copper  rod  is  split, 
forming  a  spring  which  makes  a  good  contact  when  the  rod 
is  pushed  firmly  into  the  slightly  wedge  shaped  slot  in  the  anode- 
cathode  bus  or  into  the  space  between  the  two  y±  by  4-inch 
plates  of  the  cathode  bus. 

The  cathodes  are  removed  one  at  a  time  by  hand  and  are 
stripped  at  intervals  of  forty-eight  hours.  The  four  rows  of 
each  unit  are  lettered  A,  B,  C  and  D.  Rows  A  and  C  will 
be  pulled  one  day  and  B  and  D  on  the  following  day. 

In  order  to  facilitate  the  stripping  operation  wooden 
strips  25  inches  in  length  and  one  inch  square  in  cross-section 
having  a  one-half -inch  slit  in  one  side  are  placed  on  the  edges 
of  the  cathodes. 

The  judicious  use  of  glue  gives  a  smooth  and  coherent 
deposit  resulting  in  better  melting  recoveries.  The  addition 
of  a  colloid  like  glue  to  the  solution  will  assist  in  restraining 
the  development  of  trees.  The  effect  is  thought  to  be  due  to 
the  selective  absorption  of  the  glue  for  the  ions  of  the  im- 
purities, slowing  down  their  migration  in  the  electrolyte  until 
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they  become  harmless.  Between  8  and  16  ounces  of  glue  per 
ton  of  metal  produced,  depending  on  the  impurities  in  the 
electrolyte  is  added  at  eight-hour  intervals. 

Melting  Division. 

The  zinc  sheets  from  the  electrolyzing  division  are  melted 
in  a  coal-fired  reverberatory  furnace  having  a  capacity  of 
110  tons  per  twenty-four  hours. 

The  molten  zinc  is  poured  into  moulds  bearing  the 
"Tadanac"  trade  mark. 

Each  slab  weighs  50  pounds  and  is  stamped  with  a  lot 
number  covering  the  day's  production.  Before  shipment,  each 
lot  is  certified  to  contain  the  percentage  of  zinc  required  by 
the  consumer. 

"A"  grade  zinc  contains  impurities  under  .1  per  cent. 
Prime  Western  may  contain  impurities  up  to  1.5  per  cent. 

In  melting  the  zinc  there  is  a  certain  loss  incurred  in  the 
formation  of  dross  which  is  separately  treated  for  the  recovery 
of  its  zinc  content.  The  dross  is  skimmed  off  and  treated 
in  a  revolving  drum  with  ammonium  chloride.  It  has  been 
found  that  the  addition  of  a  small  amount  of  chloride  to  the 
molten  bath  has  a  tendency  to  break  up  the  sponge  zinc  and 
also  to  minimize  the  loss  by  oxidation. 

After  the  drum  has  revolved  for  a  certain  period  it  is 
stopped  and  the  zinc  tapped  off.  The  dross  is  then  heated 
for  twenty- four  hours  in  a  reverberatory  furnace  to  drive  off 
the  chlorine.  Eighty  per  cent  of  the  chlorine  is  driven  off. 
The  dross  is  then  dissolved  in  boxes  by  the  return  electrolyte. 

The  casting  is  done  by  hand  from  laddies  carried  by 
trolleys,  on  overhead  beams,  and  the  slabs  are  loaded  by  hand 
onto  trucks  that  are  pulled  by  hand  to  cars  or  storage  shed. 

Information  concerning  the  geology  was  obtained  from 
Mr.  S.  J.  Schofield's  report  on  the  "Geology  of  the  Cranbrook 
Area,  B.C."  The  remaining  portion  of  the  essay  is  written 
from  information  gathered  while  working  at  the  plant  the  last 
two  summers. 

Thanks  are  extended  to  the  superintendents  and  foremen 
of  the  various  departments  for  their  courtesy  in  supplying 
much  of  the  data  given. 
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A   FEW  NOTES  ON  MODERN   TENDENCIES 
IN  COKING  PRACTICE. 

By  C.  E.  Wallin. 

(Annual  Meeting,  Mining  Society  of  Nova  Scotia,  Halifax,  April,  1923) 

Owing  to  the  depletion  of  first  class  coking  coals,  by  which 
I  mean,  coals  giving  coke  of  first  class  physical  structure  and 
low  in  ash  and  sulphur,  modern  coking  operations  have  changed 
from  what  one  might  call  the  charging  of  coal  and  pushing  of 
coke  to  a  series  of  operations  which  must  be  followed  with  the 
greatest  care  in  each  step  of  the  procedure. 

Roughly  we  may  divide  these  into  two  main  classes: — 

(1)  Preparation  of  the  coal. 

(2)  Coking  proper. 

Owing  to  the  increase  in  ash  and  sulphur,  coal  washing  is 
now  quite  a  common  operation  and  this  involves  the  crushing 
of  the  coal  to  a  size  suitable  alike  to  the  coke  to  be  produced 
and  the  type  of  washer.  The  size  of  coal  charged  in  the  ovens 
has  an  effect  on  the  physical  structure  of  the  coke  produced, 
some  coals  when  finely  crushed  will  produce  a  suitable  coke 
while  others,  under  like  conditions,  produce  a  very  small  coke. 
As  it  is  now  of  paramount  importance  to  produce  a  coke  which 
will  give  the  best  results  in  the  particular  blast  furnace  plant 
for  which  it  is  made  the  crushing  of  the  coal  must  be  carefully 
considered. 

If  a  good  quality  of  iron  is  to  be  produced  with  economy 
in  fuel  consumption,  washing  the  coal  is  necessary  to  remove 
ash  and  sulphur  where  these  are  present  in  any  considerable 
quantity. 

Generally  speaking  the  bug-bear  of  all  washing  processes 
is  the  elimination  of  water  to  a  reasonable  percentage,  whether 
by  drainage  in  bunkers,  or  by  centrifugal  processes.  Drainage 
means  large  bunkers  and  considerable  capital  outlay  where 
large  tonnages  are  handled.  Centrifugal  processes  necessitate 
the  installation  of  machinery  which  is  costly  in  up-keep,  and 
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generally  also  of  settling  basins  to  handle  the  fine  coal  which 
passes  through  the  screens  with  the  expelled  water.  Usually 
the  very  fine  coal  is  responsible  for  difficulty  in  eliminating 
the  water  and  several  methods  are  being  adopted  to  overcome 

this. 

A  recently  adopted  English  procedure  is  to  eliminate 
altogether,  after  washing,  the  fine  coal  smaller  than  one  milli- 
metre, and  to  use  this  either  direct  under  boilers,  or  after  drying 
as  a  powdered  fuel. 

Another  practice  suggested  by  a  Belgian  firm  is  to  remove 
all  coal  smaller  than  one-half  millimetre,  by  an  air  current, 
before  washing;  and  either  to  mix  it  with  the  washed  coal, 
or  use  it  for  fuel. 

Dry  washing  by  a  current  of  air  is  in  process  of  develop- 
ment, and  a  washer  of  this  type  is  being  erected  at  the  Crane 
Creek  mine  of  the  American  Coal  Company.  It  is  claimed  that 
this  process  is  applicable  to  coal  of  the  finest  size,  and  because 
it  eliminates  the  drainage  problem  its  degree  of  success  will  be 
followed  with  great  interest. 

Some  small  plants  are  operating  on  the  oil  flotation  pro- 
cess, but  it  would  appear  to  me  that  the  difficulty  of  success- 
fully drying  coal  of  so  small  a  uniform  size  as  1-10  inch  is  a 
decided  disadvantage,  and  furthermore  the  effect  of  such  fine 
crushing  on  the  structure  and  size  of  the  coke  would  need 
careful  investigation. 

Generally  speaking  fine  coal  is  higher  in  ash  and  sulphur 
than  large  coal,  and  owing  to  the  size  and  shape  of  the  particles 
more  difficult  to  wash.  Further,  it  contains  a  larger  percentage 
of  fusain  (mineral  charcoal)  than  is  present  in  the  seam.*  This 
has  a  deleterious  effect  on  the  structure  of  the  coke  as  fusain 
has  no  coking  properties. 

Evans  and  Sutcliffe,  in  South  Wales,  have  recently  ad- 
vocated the  crushing  of  coal,  washing  if  necessary,  and  sub- 
sequently briquetting  without  a  binder  under  a  pressure  of 
8  to  10  tons  per  sq.  in.  They  claim  by  coking  these 
briquettes  to  be  able  to  make  a  first  class  metallurgical  fuel, 
especially  from  high  volatile  coals,  but  so  far  no  actual  figures 
are  available  to  show  whether  this  method  is  successful  or  not. 
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Coking  practice. 

Tremendous  developments  in  coke  oven  construction  and 
practice  have  been  made  in  America  during  the  past  few  years. 
The  introduction  of  silica  brick  for  oven  construction  has  low- 
ered the  coking  period  and  this  has  been  carried  still  further 
by  building  large  capacity  narrow  ovens,  so  that  what  one  might 
regard  as  standard  practice  to-day  is  an  oven  capable  of  coking 
a  large  charge  in  10  to  12  hours,  resulting  in  decreased 
capital  and  operating  expenses  per  ton  of  coke  produced. 

Concurrently,  every  effort  is  being  made  both  from  a 
construction  and  operating  point  of  view  to  obtain  more  even 
heating  of  the  charge.  The  temperature  gradations  from  top 
to  bottom  of  the  oven  have  to  a  large  extent  been  eliminated 
with  the  consequent  production  of  a  more  uniform  coke,  and 
the  practice  of  oven  heating  is  carried  out  in  a  more  scientific 
manner  than  was  customary  only  a  few  years  ago.  A  consi- 
derable reduction  in  the  amount  of  fuel  gas  used  for  heating 
has  also  resulted. 

An  increasing  number  of  plants  are  being  constructed 
so  that  the  heating  may  be  accomplished  by  either  coke  oven 
or  producer  gas,  and  in  the  case  of  oven  plants  making  gas  for 
domestic  consumption  the  latter  is  used  entirely  thus  con- 
serving the  entire  make  of  high  B.T.U.  gas.  The  use  of  coke 
ovens  rather  than  horizontal,  inclined  or  vertical  retorts  for  the 
purpose  of  producing  town  gas  is  rapidly  coming  to  the  fore. 

It  has  also  been  found  that,  while  the  quality  of  coke 
obtained  from  a  good  coking  coal  is  not  materially  altered  by 
faster  coking,  much  superior  results  have  been  obtained  from 
high  volatile  coals.  In  fact  at  the  present  time  satisfactory 
coke  is  being  produced  from  Illinois  coals  which  until  recently 
were  considered  as  unsuitable  for  this  purpose. 

From  the  point  of  view  of  oven  operation  more  attention 
is  being  paid  to  the  production  of  a  coke  best  suited  to  the  par- 
ticular ore  which  is  used  at  the  blast  furnace.  This  is,  to  a 
certain  extent,  a  function  of  the  particular  coal,  and  the  best 
results  can  only  be  determined  by  experiment,  but  once  a 
definite  coking  time  and  temperature  is  settled,  uniformity 
of  product  is  essential.  Oven  temperatures  are  controlled  by 
pyrometers  and  the  shatter  and  hardness  tests  applied  to  the 
product  as  a  check. 
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In  the  extraction  of  by-products  the  direct  or  semi-direct 
process  holds  the  field,  the  indirect  process  is  a  thing  of  the 
past.  Few  radical  changes  have  been  made  in  design  but  the 
efficiency  of  each  step  of  the  process  is  now  checked  by  daily 
analytical  tests.  The  increasing  cost  of  coal  makes  it  impera- 
tive that  the  maximum  possible  amount  of  by-products  shall 
be  extracted. 

Increased  attention  is  now  generally  directed  to  the 
manufacture  of  neutral  dry  sulphate.  This  is  accomplished 
by  treating  the  salt  with  ammonia  liquor  in  the  centrifugal 
or  with  ammonium  carbonate  or  soda  ash  after  whizzing  and 
before  drying.  The  process  adopted  depends  to  a  considerable 
extent  upon  the  size  of  the  crystals  of  sulphate  of  ammonia. 
The  advantages  of  dry,  acid  free  sulphate  are  that  it  can  be 
loaded  immediately  into  bags  and  stored,  and  it  is  also  free 
from  the  tendency  to  cake  which  is  characteristic  of 
sulphate  containing  free  sulphuric  acid  even  though  the  acid 
does  not  exceed  one  half  of  one  per  cent. 

Gas  purification  for  the  elimination  of  sulphur  compounds 
has  been  simplified  by  washing  the  gas  with  a  solution  of  sodium 
carbonate  and  then  revivifying  the  carbonate  solution  with  a 
current  of  air,  and  finally  treating  with  iron  oxide  if  necessary. 
This  method  is  more  easily  controlled  and  cheaper  than  iron 
oxide  purification  and  eliminates  the  many  unpleasant  opera- 
tions connected  with  the  handling  of  large  quantities  of  iron 
oxide. 

Discussion. 

Mr.  Geo.  D.  Macdougall:  Mr.  Wallin's  paper  deals 
chiefly  with  the  manufacture  of  coke  for  metallurgical  purposes. 
When  coke  is  intended  as  an  equivalent  for  anthracite,  there 
might  be  less  necessity  to  wash  the  coal  before  coking.  In 
that  event,  the  cost  of  washing  coal  might  be  balanced  against 
the  cost  of  washing  the  gas.  The  manufacture  of  coke  in  Mont- 
real for  domestric  purposes  would  provide  a  very  important 
market  for  Nova  Scotia  mines. 

Mr.  W.  H.  Graham:  I  was  particularly  interested  in  the 
first  portion  of  Mr.  Wallin's  paper,  where  he  refers  to  the  diffi- 
culty met  in  washing  fine  coal  dust.  Apparently  no  one  has 
solved  the  problem  of  satisfactorily  washing  coal  dust  or  drying 
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it  economically  for  coke  making  purposes.  Adequate  drainage 
conveyors  willreduce  the  moisture  to  lOper  cent, below thispoint 
the  reduction  of  moisture  is  difficult.  While  it  is  very  desirable 
to  have  the  moisture  in  the  washed  coal,  going  into  the  ovens, 
down  to  — ■  say  8  per  cent,  we  have  not  heard  of  any  serious 
damage  being  done  to  the  oven  walls  that  can  be  traced  to  wet 
coal  at  the  Dominion  plant. 

The  idea  of  eliminating  the  dust  from  the  coal  to  be  washed, 
which  is  high  in  sulphur,  with  a  view  to  using  the  dust  as  pow- 
dered fuel,  is  worth  considering,  inasmuch  as  it  would  remove 
the  most  difficult  element  met  in  the  washing  process  and  at 
the  same  time  give  a  product  more  easily  drained,  with  resultant 
reduction  in  moisture  in  the  washed  coal  going  to  the  ovens. 

Mr.  Walter  Herd:  I  suggest  that  Mr.  Wallin  be  asked 
to  amplify  his  notes  by  giving  the  result  of  some  experiments 
he  recently  made  on  the  mixing  of  coals.  In  order  to  reduce 
the  moisture  content,  it  has  been  suggested  to  add  to  the  washed 
slack  a  proportion  of  unwashed  slack  from  the  coals  lowest  in 
sulphur  content. 

I  have  pleasure  in  moving  a  vote  of  thanks  to  Mr.  Wallin. 

Mr.  F.  W.  Gray:  The  coking  of  coal  is  of  unusually  great 
importance  to  Nova  Scotia  at  this  time  when  much  public 
interest  is  being  displayed  in  the  possibility  of  using  coke  as  an 
equivalent  fuel  for  anthracite.  One  objection  to  the  use  of 
Nova  Scotia  coal  for  coke  making  has  been  the  high  percentage 
of  sulphur  in  the  coal,  which,  of  course,  affected  the  percentage 
of  sulphur  in  the  coke  and  in  the  gas.  Recent  improvements 
in  the  purification  of  coke  oven  gas  have  been  so  marked  that 
the  question  of  sulpher  in  coke  oven  gas  is  not  now  important. 
Something  like  one  million  tons  of  anthracite  is  used  annually 
on  Montreal  island  alone,  all  of  which  could  be  replaced  by 
coke  made  from  Nova  Scotia  coal.  Coke  companies  in  New 
Jersey,  after  impartial  tests  extending  over  a  long  time,  have 
determined  that  8  tons  of  coke  is  the  equivalent  of  10  tons 
of  good  quality  Pennsylvania  anthracite. 

I  have  much  pleasure  in  seconding  the  vote  of  thanks. 

Mr.  T.  J.  Brown:  I  consider  Mr.  Wallin's  paper  as  very 
timely.  In  connection  with  the  question  of  making  domestic 
coke  from  Nova  Scotia  coal,  two  very  important  queries  have 
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been  put  to  the  province  of  Nova  Scotia  by  the  Dominion 
authorities,  — 

First:  Have  we  sufficient  coal  in  the  province  of  Nova 
Scotia  to  supply  the  province  of  Quebec  and  also  the  province 
of  Ontario  ? 

Second:  Is  it  commercially  possible  to  erect  a  coke  oven 
plant,  for  the  making  of  an  anthracite  equivalent,  somewhere 
in  the  province  of  Quebec  ? 

I  think  it  becomes  the  duty  of  the  Mining  Society  of  Nova 
Scotia  to  demonstrate  that  we  have  sufficient  coal  to  supply 
Quebec  and  Ontario,  and  suggest  the  Mining  Society  of  Nova 
Scotia  can  do  a  real  service  by  bringing  the  coal  resources  of  the 
province  to  the  attention  of  the  Dominion  Fuel  Board. 

Hon.  Robert  Drummond:  I  agree  with  the  previous 
speaker's  remarks.  I  do  not  believe  there  is  any  necessity  for 
substituting  coke  or  anthracite  for  bituminous  coal,  as  we  have 
bituminous  coal  in  abundance  in  the  Province  to  supply  the 
needs  of  Quebec.  I  think  the  people  of  Quebec  should  be 
educated  to  use  bituminous  coal.  Personally  I  do  not  care 
to  use  anthracite. 

Mr.  Geo.  D.  Macdougall:  I  consider  Mr.  Brown's 
suggestion  very  timely  that  we  appoint  a  special  committee  to 
aid  the  Fuel  Commission  at  Ottawa  in  arriving  at  the  quantity 
of  coal  it  is  possible  to  economically  produce  in  Nova  Scotia. 


DESCRIPTION  OF  THE  NEW  WASH-HOUSE  AT 

No.  2  COLLIERY,   DOMINION  COAL 

COMPANY  LTD.,  GLACE  BAY. 

By  W.  H.  Graham. 

(Annual  Meeting  Mining  Society  of  Nova  Scotia,    Halifax,  April   1923) 

The  subject  of  this  paper  is  the  homely  one  of  Wash- 
houses  and  the  manner  in  which  these  institutions  function 
in  our  collieries.  By  the  term  "Wash-houses"  we  mean  a 
comfortable  building  in  which  men  may  change  their  clothes 
from  those  they  wear  in  going  to  their  work,  to  others  suitable 
for  their  occupation  in  the  mine. 

After  their  work  is  done  they  return  to  the  wash-house 
and  enjoy  a  thorough  cleansing  before  changing  again  to  their 
street  clothes.  For  many  years  a  wash-house  has  been  an 
adjunct  of  the  mine,  but,  as  is  the  case  of  nearly  all  modern 
conveniences  in  the  home,  the  colliery  wash-house  of  to-day 
is  a  product  of  evolution  on  much  the  same  lines,  and  to  those 
concerned,  meets  with  fully  the  same  appreciation. 

Perhaps  the  clearest  way  to  present  to  you  the  present 
state  of  this  development  will  be  to  refer  to  the  recently  com- 
pleted wash-house  at  No.  2  Colliery,  New  Aberdeen,  Glace 
Bay. 

This  colliery,  now  operating  for  about  23  years,  had  from 
the  beginning  a  wash-house  of  the  then  modern  type,  but 
with  the  lapse  of  time,  this  began  to  fail  to  meet  the  needs  of 
the  situation,  therefore,  a  careful  survey  was  made  which 
showed  that  considerable  money  would  be  necessary  for  repairs 
and  improvements  to  the  old  buildings.  While  this  would 
have  somewhat  improved  the  situation,  it  would  not  have 
satisfactorily  solved  the  problem  of  a  colliery  wash-house  based 
on  lines  required  by  up-to-date  sanitation.  So  it  was  decided 
that  an  altogether  new  wash-house  should  be  built,  even  though 
we  might  be  obliged,  in  its  construction,  to  face  adverse  winter 
weather  as  well  as  stringent  financial  conditions. 
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Figs.  1.  &  2. — Floor  Plan  and  Section  of  Wash-house 


The  building  therefore  was  begun  about  the  1st  of  Nov- 
ember, 1922,  and  placed  in  service  February  8th,  1923,  that 
is  to  say,  it  was  planned  and  built  within  about  three  months. 

This  wash-house  is  designed  to  accomodate  1500  men. 
The  main  building  is  154  ft.  long  by  50  ft.  wide,  with  lean-to's 
12  ft.  6  in.  wide  on  each  side.  The  walls  are  of  concrete  built 
on  the  hollow  wall  system,  that  is,  2  ft.  4  in.  walls  with  a  2%  in. 
air  space.  The  walls  are  reinforced  with  lateral  rods  and  cross- 
ties  of  34  in.  wire. 
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The  concrete  mix  for  the  walls  was  one  to  five;  one  part 
cement,  two  of  coarse  sand  and  three  of  crushed  slag.  The 
concrete  was  mixed  fairly  dry  and  well  tamped  in  the  forms. 
This  gives  a  quicker  setting  time  and  leaves  the  surface  rough, 
thus  making  a  good  key  for  the  finish  coats.  The  scratch  and 
finish  stucco  coats  were  applied  by  a  plasterer. 

The  roof  trusses  are  of  steel  with  1}4  in.  tongued  and 
groved  lumber  covering  overlaid  with  asphalt  slate  coated 
shingles.  The  floor  is  of  concrete  surfaced  with  master  builders 
cement  to  give  good  wearing  qualities  and  graded  H  in.  to 
the  foot  for  drainage  to  facilitate  washing  down. 

The  steam  heating  is  supplied  from  the  colliery  boiler 
plant  at  125  lbs.  pressure.  It  is  then  passed  through  a  reducing 
valve  and  delivered  to  the  heating  system  at  5  lbs.  pressure. 

The  building  is  heated 
with  wall  radiators,  which 
are  connected  in  groups  and 
equipped  with  automatic 
Dunham  traps.    See  Fig.  3. 
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Fig.  3. — Showing  Operation  of 
Dunham  Trap. 


The  total  radiating  sur- 
face of  the  heating  system  is 
about  4000  sq.  ft. 


The  washing  facilities  consists  of  74  individual  shower 
baths  and  20  hand  showers  over  5,-9  ft.  white  enamel  basins 
and  2  over  1,-6  ft.  basin.  To  supply  sufficient  hot  water  to 
accommodate  1500  men  in  a  comparatively  short  time,  a  5000 
gallon  storage  tank  is  provided.  The  water  for  washing  is 
passed  through  a  Simms  heater  capable  of  raising  the  tempe- 
rature of  the  water  from  50°  to  180°  F.,  at  the  rate  of  100 
gallons  per  minute,  then  passed  through  automatically  con- 
trolled valves,  where  the  hot  and  cold  water  is  mixed  and 
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delivered  to  the  baths  at  110°  F,  Wc  found  the  average 
(low  of  water  through  a  shower  head  to  be  approximately 
3  gallons  per  minute.  The  average  time  taken  for  a  shower 
bath  is  nine  minutes,  while  4.5  minutes  is  required  for  washing 
the  face,  hands  and  upper  part  of  the  body. 

Each  man  has  a  separate  clothes  hanger  of  the  type  adopted 
by  the  Dominion  Coal  Company.  These  are  about  2  ft.  long, 
having  6  hooks,  with  a  spread  of  8  in.  on  the  upper  two  and 
10  in.  on  the  lower  four,  thus  giving  a  splendid  opportunity 
for  ventilating  and  drying  the  clothes.  The  clothes  are 
hoisted  20  ft.  from  the  floor,  with  heavy  sash-cord  lines,  which 
can  be  separately  locked  to  a  1J^  in.  pipe  which  forms  the 
top  rail  of  the  seats.  The  clothes  hangers  are  placed  26  in. 
apart  each  way.  Where  the  men's  clothes  are  dry  this  spacing 
might  be  decreased  to  24  in.  or  say  4  square  feet  per  man. 

The  building  is  equipped  with  sanitary  drinking  fountains, 
modern  lavatories,  rooms  for  officials  and  for  First  Aid  to  the 
injured. 

The  shower  baths  and  auxiliaries  are  situated  in  the  lean- 
to's,  as  practically  the  whole  area  of  the  main  building  is  taken 
up  with  the  seats  and  clothes  hangers. 

The  curves  prepared  by  the  Engineering  Department 
and  shown  in  Fig.  4  are  self-explanatory  and  are  an 
interesting  study,  as  they  show  to  what  extent  the  baths  and 
showers  are  at  present  used  by  the  men.  These  curves  show 
that  53  of  the  74  shower  baths,  or  say  72  per  cent  were  in  use 
at  the  peak  of  the  bathing  load  which  occurred  at  3.35  p.m. 
The  peak  load  on  the  hand  showers  occurred  15  minutes  later 
at  3.45  when  22  men  were  using  the  basins.  Two  men  can 
conveniently  share  one  hand  shower  spray  so  that  20  sprays 
accommodate  40  men.  These  then  were  working  up  to  55  per 
cent  of  their  capacity.  All  of  which  indicates  that  the  washing 
facilities  will  be  ample  to  take  care  of  requirements  when  the 
building  is  filled  to  capacity. 
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Fig.  4. — These  Curves  Illustrate  the  Extent  to  Which  The 
Wash-house  is  Used. 
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a  modern  fire-proof  wash-house  fully  equipped  to  serve 
1000  men  will  cost  approximately  $38.  per  man  and  will  require 
in  addition  to  the  space  necessary  for  shower  baths  and  other 
accessories  4.5  sq.  ft.  of  ceiling  area  for  each  clothes  hanger. 

The  wash-house  described  cost  approximately  $55,000. 
We  are  quite  sure  the  workmen  appreciate  the  comforts  provided 
as  is  evidenced  by  the  fact  that  practically  every  man  washes 
before  going  home;  without  crowding  or  waiting,  which  must 
of  necessity  occur  in  smaller  and  less  modern  wash-houses. 

Discussion. 

Mr.Geo.D.M acdoug all  :  Wash-houses  are  very  important 
things  at  the  collieries  to-day,  and  those  now  being  erected 
have  benefited  much  from  previous  experience.  The  wash- 
house  described  by  Mr.  Graham  is  the  best  in  Nova  Scotia. 

Mr.  James  Purves:  What  are  the  characteristics  of  the 
slag  used  in  the  mix  for  concrete  ? 

Mr.  W.  H.  Graham:  The  slag  is  quite  angular  and  porous 
making  an  excellent  aggregate.  It  is  not  advisable  to  use  it 
indiscriminately  from  the  slag  dump,  however.  When  tho- 
roughly weathered  and  prepared  for  use  by  screening  and 
crushing,  it  has  proved  to  be,  in  every  way,  satisfactory. 

Mr.  John  Moffatt:  The  wash-house  at  No.  2  Colliery 
is,  in  every  way,  good.  The  influence  of  the  returned  soldier 
has,  no  doubt,  had  something  to  do  with  the  tendency  to  better 
wash-house  accommodation,  but  the  real  incentive  is  the  appre- 
ciation by  the  miners  of  the  comforts  and  conveniences  offered 
by  the  modern  wash-house.  It  is  very  pleasing  to  see  colliery 
bath-houses  improved  to  a  point  where  they  are  giving  general 
satisfaction  and  leave  little  more  to  be  desired. 

Mr.  Walter  Herd:  The  Dominion  Coal  Company  is  to 
be  congratulated  on  building  two  wash-houses  of  the  most 
modern  type,  where  no  charge  is  made  to  the  miners.  Wash- 
houses  are  not  compulsory  at  the  mines  of  the  United  States, 
with  the  exception  of  certain  districts  in  Pennsylvania;  and 
in  Europe  where  the  miners  vote  to  have  the  wash-house, 
they  generally  bear  half  of  the  operating  charges.     It  has 
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occurred  to  me  that  perhaps  a  little  more  ventilation  might 
be  given  to  wash-houses,  and  the  installation  of  a  small  fan 
in  the  gable  end  of  the  building  would  very  materially  help 
in  this  connection.  I  should  like  Mr.  Graham  to  tell  us  the 
number  of  gallons  of  water  used  per  man  per  day. 

Mr.  W.  H.  Graham:  I  think  the  paper  answers  Mr. 
Herd's  question  as  to  the  approximate  amount  of  water  used 
per  man.  The  men  who  are  working  at  the  coal-face  take 
a  shower  every  day,  and  others,  whose  work  is  not  so  dirty, 
take  a  shower  every  few  days.  With  reference  to  the  venti- 
lation, it  is  only  natural  that  working  clothes  from  a  thousand 
men,  carrying  odours  from  the  mine,  will  give  the  impression 
that  there  should  be  more  ventilation.  As  a  matter  of  fact, 
the  building  is  well  ventilated,  and  it  is  a  remarkable  fact, 
that  when  clothes  are  taken  from  the  hooks  they  are  dry  and 
air- washed  to  such  an  extent  that  practically  no  odours  are 
noticeable. 


A   PROPOSED  METHOD  OF  THE  APPLICATION   OF 

HYDRAULIC  STOWAGE  TO  THE   WORKING 

OF  THE  FOORD  SEAM  AT  STELLARTON. 

By  Thos.  L.  McCall. 

(Annual  Meeting  Mining  Society  of  Nova  Scotia,  Halifax,  April,    1923) 

The  best  method  of  working  a  thick  seam  of  coal  or  other 
valuable  deposit  is  a  question  that  is  ever  occurring  in  mining 
practice,  and  as  the  deposits  lying  at  shallow  depths  become 
exhausted,  the  difficulties  of  successful  extraction  continue  to 
increase  with  the  increased  depth  of  mining. 

Even  in  the  case  of  the  shallower  deposits  and  thinner 
seams  much  valuable  coal  has  to  be  left  in  the  shape  of  pillars 
to  support  the  surface,  where  these  seams  underly  valuable 
buildings,  water  logged  strata  or  water  itself. 

There  is  no  doubt  that  hydraulic  stowage  of  the  waste, 
when  and  where  it  can  be  carried  out,  is  the  solution  of  many 
of  these  difficulties,  and  the  writer  hopes  that  the  following 
proposed  scheme,  based  on  personal  experience  in  a  somewhat 
similar  seam,  will  be  of  interest  and  will  be  the  means  of  evoking 
discussion  on  this  subject. 

The  advantages  of  hydraulic  stowage  are  now  so  well 
known  that  it  is  not  necessary  to  enter  into  details  and  conse- 
quently a  brief  enumeration  of  the  principal  heads  will  suffice. 

1.  Practically  all  the  coal  in  a  thick  seam  can  be  ex- 
tracted and  no  wasteful  barriers  need  be  left,  giving  a  longer 
life  to  the  mine. 

2.  The  dangers  of  spontaneous  combustion  in  the  waste 
are  practically  eliminated. 

3.  The  ventilation  can  be  kept  under  better  control  and 
in  gassy  mines  there  would  be  no  large  wastes  full  of  gas 
liable  to  foul  ventilation  on  the  sudden  drop  of  the  barometer. 

4.  Surface  subsidence  can  be  limited  to  from  five  to  eight 
per  cent  of  the  thickness  of  the  seam  extracted. 

(492) 
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5.  In  thick  seams  the  output  can  be  concentrated  from 
a  smaller  area  and  the  result  of  this  intensive  mining  is  a  re- 
duction of  working  costs  in  (a)  supervision  and  operation 
(b)  in  the  upkeep  of  airways  and  haulage  roads  (c)  in  safety 
precautions  such  as  watering,  stone  dusting,  etc. 

6.  When  there  are  several  seams  in  close  proximity,  the 
order  of  their  working  is  of  little  consequence  to  the  ultimate 
recovery  of  the  coal. 

The  disadvantages  of  hydraulic  stowage  may  be  more 
briefly  enumerated: 

1.  The  cost  of  introducing  such  a  system  may  be  pro- 
hibitive. 

2.  Some  fireclay  pavements  cannot  withstand  contact 
with  water. 

3.  In  very  deep  and  hot  mines,  the  extra  humidity  of 
the  atmosphere  due  to  the  introduction  of  large  bodies  of  water 
into  the  mine  would  very  probably  impair  the  working  capacity 
of  the  miner. 

Foord  seam.  This  seam,  where  it  is  now  worked  at 
Stellar  ton  by  the  Acadia  Coal  Company,  Limited,  attains  a 
vertical  thickness  of  40  feet  of  clean  coal.  The  roof  is  composed 
of  shales  which  are  so  very  ' 'short"  in  texture  that  once  the 
roof  is  broken,  the  shales  will  flow,  there  is  no  other  adequate 
word  to  describe  it,  until  the  cavity  is  filled  with  stones,  none 
of  which  exceed  a  few  pounds  in  weight.  The  pavement  is 
composed  of  coarse  coal  and  shales.  The  dip  of  the  seam 
varies  considerably  in  different  parts  of  the  field,  but  an  angle 
of  25°  will  represent  the  average  inclination. 

The  seam  is  liable  to  spontaneous  combustion  and  gives 
off  a  large  amount  of  gas. 

In  former  days  the  Foord  seam  was  actively  worked  from 
the  outcrop  downwards,  the  method  of  extraction  being  pillar 
and  stall,  and  the  numerous  fires  and  explosions  which  have 
occurred  bear  testimony  to  the  great  difficulties  encountered 
in  the  working  of  this  seam. 

In  the  year  1903,  the  Allan  shaft  was  sunk  in  virgin  ground 
to  the  dip  of  the  old  workings  and  it  is  through  this  shaft  that 
the  bulk  of  the  output  from  the  Foord  seam  now  comes  to  bank. 

The  method  of  working  is  still  pillar  and  stall  but  the  work- 
ings are  now  divided  up  on  the  panel  system  with  the  minim- 
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urn  number  of  entries  into  each  panel  and  in  each  entry  emer- 
gency stoppings  are  built,  which  can  be  quickly  closed  in  the 
event  of  fire-stink  being  detected  in  the  panel.  Thus  the  dan- 
ger zone  can  be  isolated  from  the  rest  of  the  mine  in  a  very 
short  space  of  time. 

These  panels  are  approximately  350  feet  on  the  strike  by 
650  feet  to  the  rise.  Bords  are  driven  at  64  foot  centres  in 
the  bottom  of  the  coal  and  connected  by  heads  with  each  other. 
When  the  panel  has  been  completed  the  work  of  robbing  the 
pillars  is  begun  at  the  top  end  and  the  robbing  is  carried  down 
until  all  the  possible  coal  has  been  obtained.  With  such  a 
thickness  of  coal  and  such  a  tender  roof  an  unavoidably  large 
amount  of  coal  is  left  behind.  Further,  the  50  foot  barrier 
of  solid  coal  which  is  left  around  each  panel,  in  itself  comprises 
18  per  cent  of  the  total  available  coal  in  the  panel. 

An  improved  method  of  working  pillar  and  stall  has 
been  tried  out  recently  with  encouraging  results  which  point 
to  the  success  of  working  this  seam  in  two  lifts  by  hydraulic 
stowage.  This  improved  method  consists  of  driving  a  series 
of  bords  in  the  upper  part  of  the  seam  directly  above  the  bords 
driven  in  the  bottom  of  the  seam.  The  work  of  drawing  the 
pillars  is  carried  out  simultaneously  in  both  sets  of  bords,  the 
line  of  pillaring  in  the  upper  bords  being  kept  slightly  in  ad- 
vance of  the  line  of  pillaring  in  the  bords  in  the  bottom  of  the 
seam. 

It  will  thus  be  seen  that  the  Foord  seam  presents  great 
attractions  for  a  suitable  method  of  stowage  which  would 
yield  a  better  recovery  of  the  coal  and  would  lead  to  immunity 
from  spontaneous  combustion. 

Stowage  material.  The  most  suitable  material  for  hydrau- 
lic stowage  is  sand,  this  being  the  easiest  to  excavate,  to  handle 
and  to  flush  through  pipes.  Sand,  moreover,  completely  fills 
all  the  crevices  underground  and  forms  an  extremely  solid 
pack. 

A  supply  of  sand  is  available  at  the  nearby  coast  and 
this  can  be  excavated  by  mechanical  means,  loaded  into  cars 
and  railed  to  the  hydraulic  stowage  station.  The  ashes 
from  the  boiler-room  could  be  mixed  with  the  sand  and  used 
as  packing  material. 
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The  Acadia  Coal  Company  have  under  consideration  a 
plan  for  working  part  of  the  outcrop  of  the  Foord  seam  by  strip 
pit  mining.  The  over-burden,  consisting  of  soil  and  clay, 
would  be  turned  back.  The  shale  overlying  the  coal  would 
be  loosened  by  shooting  and  loaded  out  by  mechanical  shovels 
into  cars  and  sent  to  the  hydraulic  stowage  station.  The  ex- 
posed coal  could  then  be  loaded  into  cars.  It  might  be  argued 
that  it  would  not  be  profitable  to  work  this  method  to  any  depth, 
but  the  question  simply  resolves  itself  into  the  cost  of  stripping 
the  over-burden,  plus  the  cost  of  getting  and  crushing  the  shale, 
plus  the  cost  of  loading  out  the  coal,  as  against  the  selling 
price  of  the  coal,  always  remembering  that  each  cubic  yard 
of  shale  will  replace  one  cubic  yard  of  sand.  This  scheme  is 
an  attractive  one  and  will  repay  a  considerable  amount  of 
investigation. 

Position  of  stowage  station.  The  situation  of  the  workings 
underground  govern,  to  a  large  extent,  the  situation  of  the 
central  stowage  station  on  the  surface,  as  it  must  be  borne  in 
mind  that  for  all  practical  purposes  the  stowage  material 
must  not  be  flushed  uphill  for  any  distance.  Consequently 
the  position  of  the  stowage  station  must  be  to  the  rise  of  the 
workings  to  enable  the  material  to  be  flushed  down  hill. 

The  horizontal  extension  underground,  to  which  the 
flushing  material  can  be  conveyed  in  pipes,  is  determined  by 
the  vertical  head  at  the  stowage  station,  the  nature  of  the 
material  used  for  stowage  and  the  percentage  of  solids  in  the 
water.  In  the  proposed  scheme  the  vertical  head  would  be 
some  800  feet  and  with  such  a  head  there  would  be  no  difficulty 
in  conveying  a  mixture  of  crushed  shale  and  sand  to  a  hori- 
zontal distance  of  from  3000  to  4000  feet  to  either  side  of  the 
stowage  station. 

Surface  stowage  station.  This  will  consist  of  a  sand  bunker 
capable  of  holding  1000  to  1500  cubic  yards  of  sand,  a  shale 
crushing  plant  and  an  adequate  supply  of  water  at  a  pressure 
of  70  lbs.  to  the  square  inch.  A  bore  hole  to  accommodate  the 
flushing  pipes  leads  from  the  surface  plant  to  the  underground 
workings. 

The  sand  bunker  will  be  a  V-shaped  excavation  with  the 
deepest  part  at  the  point  of  the  "V",  while  the  bottom  of  the 
bunker,  lined  with  concrete,  will  rise  at  an  inclination  of  one 
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in  three  to  the  outer  edge.    Along  this  outer  edge  is  a  trestle 

to  accommodate  side-tipping  cars  which  will  discharge  their 
contents  of  sand  into  the  bunker.  Two  monitors  are  SO  placed 
as  to  be  capable  of  throwing  streams  of  water  to  any  part  of 
the  sand  bunker.  From  the  deepest  end  of  the  sand  bunker 
a  trench  leads  to  the  bore  hole  where  the  flushing  pipes  are 
surmounted  by  a  large  funnel-shaped  hopper.  Connecting  the 
bottom  of  the  sand  bunker  and  the  hopper  over  the  flushing 
pipes,  is  an  open  inclined  trough  so  made  that  the  inclination 
can  be  varied  within  suitable  limits.  A  valve-controlled 
water  supply  leads  directly  into  the  hopper. 

The  mine  refuse  and  shale  are  brought  in  cars  to  a  crushing 
plant  situated  opposite  the  sand  bunker  on  the  other  side 
of  the  bore  hole.  The  contents  of  the  cars  are  discharged  to 
a  Blake  type  stone  crusher.  The  broken  stone  is  then  elevated 
and  passed  over  a  screen  which  rejects  all  sizes  above  one  inch 
in  diameter.  The  rejects  are  then  led  to  a  heavy  roll  crusher. 
This  crushed  stone  is  again  screened,  any  over  size  material 
being  returned  to  the  crusher  while  the  screened  stone  is 
delivered  to  a  storage  bunker  close  to  the  bore  hole, from  whence 
it  can  be  automatically  fed  into  the  hopper  over  the  stowage 
pipes. 

An  explanation  of  the  action  of  the  plant  may  help  to  make 
the  above  description  more  clearly  understood.  First  of  all 
the  valve  on  the  pipe  leading  into  the  hopper,  which  will  in 
future  be  called  the  clear  water  pipe,  is  opened  and  the  stowage 
pipes  thoroughly  flushed  out.  Then  the  valves  on  the  monitors 
are  gradually  opened  and  the  sand  flushed  down  and  carried 
into  the  hopper.  At  the  same  time  the  valve  in  the  clear 
water  pipe  is  gradually  closed  and  then  all  the  valves  are  mani- 
pulated until  the  desired  mixture  of  sand  and  water  is  obtained. 
The  automatic  delivery  from  the  crushed  stone  bunker  is 
now  started  and  the  feeds  adjusted  to  give  a  requisite  mixture 
of  water,  sand  and  shale.  Careful  attention  has  to  be  paid 
to  the  flow  of  water  and  sand,  this  must  be  regular  and  of 
uniform  consistency.  The  adjustable  trough  between  the  sand 
bunker  and  the  hopper  over  the  stowage  pipes  plays  its  part 
in  guarding  against  a  rush  of  pure  sand  being  swept  into  the 
pipes.  The  manner  in  which  it  does  this  is  extremely  simple. 
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It  is  well  known  that  given  proportions  of  water  and  sand  will 
only  continue  to  flow  on  certain  gradients  and  consequently 
if  the  adjustable  trough  is  set  at  an  angle  which  is  sufficient 
to  convey  a  two  to  one  mixture  of  water  and  sand,  any  excess 
quantity  of  sand  will  cause  the  flow  to  cease  with  the  result 
that  the  sand  will  be  deposited  in  the  trough  and  will  not  be 
moved  again  until  the  proportion  of  sand  in  the  mixture  is 
sufficiently  reduced  to  again  give  a  two  to  one  mixture. 

Pipe  line.  The  pipes  conveying  the  storage  material  are 
subject  to  very  heavy  wear  and  tear  and  it  has  been  found, 
by  experience,  that  steel  or  cast  iron  pipes  do  not  possess  such 
good  wearing  properties  as  wrought  iron  and  so  it  is  proposed 
to  use  wrought  iron  pipes  throughout. 

The  pipes  in  the  bore  hole  will  have  an  internal  diameter 
of  6  in.  with  thickness  of  metal  5-16  in.  When  the  stowage 
mixture  passes  around  a  bend  great  friction  is  set  up  and  to 
minimize  this  as  much  as  possible  no  bend  should  have  a  smaller 
radius  than  15  feet.  As  this  would  be  too  large  for  convenience 
of  handling  underground,  they  will  be  constructed  of  segments 
bolted  together  and  each  bend  will  be  provided  with  a  hand 
hole  and  will  be  connected  to  a  clear  water  supply  to  facilitate 
the  cleaning  of  the  pipes  in  the  not  unlikely  event  of  an  occa- 
sional choke  taking  place.  It  may  here  be  noted  that  all 
bends  must  be  most  securely  anchored  to  withstand  the 
''kick"  that  is  set  up  when  in  use. 

The  pipes  in  the  mine  are  subject  to  heavy  wear  on  the 
bottom  and  to  effect  a  saving  it  is  advisable  to  use  oval  pipes 
fitted  with  trough  shaped  linings  of  rolled  iron,  as  described 
in  Mr.  Walter  Herd's  paper,  read  before  the  Mining  Society  of 
Nova  Scotia  in  May  1920.  All  the  bends  in  the  flushing  pipes 
which  have  to  remain  in  place  for  some  considerable  time  will 
be  lined  in  a  similar  manner. 

The  flushing  pipes  near  the  face  which  have  to  be  frequently 
changed  and  handled  as  the  areas  become  worked  out,  will  be 
of  lighter  construction. 

Underground  layout.  The  accompanying  plan  shows  a 
portion  of  the  proposed  layout  on  the  underground  workings 
which  is  sufficient  to  give  a  general  idea  of  the  system  by  which 
the  coal  will  be  worked  on  the  retreating  system  in  two  lifts 
of  20  feet  each.     The  area  shown  is  approximately  3,000  feet 
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by  2000  feet  and  contains,  in  round  numbers,  10,000,000  tons 
of  coal.  All  the  preliminary  driving  of  levels  and  balances 
is  to  be  done  in  the  coal  next  the  pavement,  with  the  exception 
of  the  lowest  level  "A",  in  Figure  1,  which  is  driven  in  the  centre 
of  the  seam.  From  the  lowest  level  in  the  workings  a  balance 
is  set  off  to  connect  with  the  bore  hole  from  the  surface  stowage 
station.  From  this  balance  levels  are  set  off  to  the  right  and 
to  the  left  at  520  ft.  centres.  From  these  levels  balances  are 
turned  off  to  the  full  rise  of  the  seam  at  300  ft.  centres,  but  in 
the  first  instance  only  sufficient  balances  are  driven  to  provide 
for  efficient  ventilation  of  the  workings. 

When  the  lowest  level  has  reached  the  limit  assigned 
to  it,  bords  at  64  ft.  centres  are  set  off  the  inside  balance. 
To  keep  the  ventilation  close  up  to  the  working  faces,  these 
bords  are  connected  by  heads  as  circumstances  require. 

An  airway  "B",  in  Fig.  1,  is  left  un worked  to  connect 
the  second  set  of  workings  with  the  uppermost  level,  when  the 
time  arrives  for  this  to  be  done.  The  pillars  formed,  as  des- 
cribed above,  are  now  worked  out  on  the  retreating  system, 
work  being  first  started  in  the  lowest  pillar  of  the  lowest  level 
and  care  being  taken  to  see  that  the  lower  pillar  is  always  in 
advance  of  the  pillar  above  it. 

The  method  of  extracting  these  pillars  will  be  as  follows: 

A  cut  is  started  from  a  bord  and  driven  up  until  it  is 
within  10  feet  of  the  bord  above  it  (a  small  hole  sufficient  to 
keep  the  place  ventilated  is  broached  through  this  barrier). 
This  cut  is  now  opened  out  to  a  width  of  25  feet  and  the  top  coal 
is  dropped  until  a  thickness  of  20  ft.  of  coal  has  been  taken 
out  right  down  to  the  bord  from  which  the  cut  was  started. 
Whilst  this  work  is  going  on  a  jack  hole  is  driven  up  in  the  roof 
of  the  bord  above  and  connected  through  to  the  cut,  see  Figs. 
2  and  3.  Stowage  pipes  are  now  led  through  this  jack  hole 
into  the  waste  to  be  filled.  A  strong  dam,  made  of  close  fitting 
boards,  is  erected  in  the  lower  level  just  outside  of  the  waste 
space.  A  wooden  trough  leads  through  the  dam  into  the  waste. 
This  trough  drains  the  water  from  the  stowage  mixture  and  is 
always  kept  about  15  in.  above  the  sand  level,  being  continu- 
ally added  to  as  the  sand  fills  the  waste.  In  this  manner  the 
waste  can  be  completely  stowed.  The  trough  is  stowed  in 
and  cannot  be  recovered  but  the  wooden  dam  may  be  dis- 
mantled after  the  sand  has  set  and  can  be  used  over  again. 
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Figs.  2  &  3. — Sectional  Elevation  and  Plan  View. 

While  the  waste  is  being  stowed  a  fresh  cut  is  started 
from  the  same  bord  and  the  operation  repeated  as  above.  A 
thin  barrier  of  coal  is  left  against  the  newly  stowed  area,  but, 
this  barrier  can  be  usually  recovered  just  prior  to  the  stowing 
of  the  new  waste. 

The  10  ft.  barrier  of  coal  left  against  the  upper  bord  is 
recovered  by  the  upper  bord  when  it  is  extracting  the  pillar 
above  it. 
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The  pillars  on  a  balance  are  extracted  until  they  reach 
the  backhead,  when  the  work  of  pillaring  is  temporarily  sus- 
pended until  only  three  bords  at  the  top  of  the  balance  are 
producing  coal.  Meantime  the  next  balance  outside  has  been 
driven  and  the  bords  connected  through  to  the  bords  of  the 
inside  balance.  The  haulage  on  the  inside  balance  is  then 
abandoned  and  the  coal  from  the  top  three  bords  brought  out 
by  the  outside  balance  and  work  of  pillaring  on  the  lower  bords 
of  the  balance  is  resumed  at  the  point  where  the  inside  balance 
left  off.  In  this  manner  all  the  coal  in  the  lower  lift  of  the  seam 
can  be  extracted. 

When  the  line  of  pillaring  is  sufficiently  advanced  from 
the  boundary,  the  upper  lift  of  coal  is  developed  from  level 
"A",  Fig.  1,  advantage  being  taken  of  the  airway  "B"  left  in 
the  first  working  for  this  purpose.  The  upper  lift  of  20  feet 
of  coal  is  now  worked  out  over  the  stowed  area  in  a  similar 
manner. 

It  must  be  clearly  understood  that  the  above  is  only  a 
proposed  scheme  and  actual  experience  in  hydraulic  stowage 
would  probably  lead  to  various  modifications  of  the  system. 
An  example  of  such  modification  is  that  in  extracting  the  top  20 
feet  of  coal,  where  circumstances  permitted,  it  might  not  be 
necessary  to  completely  stow  the  whole  waste.  Instead  of 
the  complete  stowage  of  the  waste,  barriers  of  stowage  might 
be  introduced  in  the  second  working  thus  effectively  isolating 
the  panels  and  so  causing  a  large  saving  in  the  amount  of  stow- 
age material  required. 

Clarification  of  water.  The  water  from  hydraulic  stowage 
always  contains  a  considerable  amount  of  fine  sediment  in 
suspension.  This  sediment,  if  allowed  to  reach  the  pumps,  is 
extremely  destructive,  consequently  the  water  is  first  of  all  led 
over  dams  to  collect  the  heavier  material  and  then  finally  into 
large  settling  chambers  from  which  the  clarified  water  is 
drawn  off  to  the  pumps  and  from  there  raised  to  the  surface. 

Discussion. 

Mr.  F.  W.  Gray,  in  moving  a  vote  of  thanks  to  Mr. 
McCall,  said  that  any  suggestion  which  dealt  with  the  possibi- 
lity of  more  complete  extraction  of  the  thick  coal  seams  in 
Pictou  county  was  very  important. 
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The  coal  scams  in  the  small  coalfield  of  Pictou  county 
were  so  numerous  and  thick  and  so  close  together  as  to  make 
them  difficult  of  complete  extraction.  The  Pictou  coalfield 
was  a  little  reminiscent  of  the  coal  seams  of  Silesia,  where 
hydraulic  stowing  had  been  used  to  advantage. 

The  matter  had  been  brought  before  the  Mining  Society 
three  years  ago  by  Mr.  Walter  Herd,  who  advocated  the 
hydraulic  stowing  of  the  undersea  workings  from  the  200  to 
the  800  ft.  cover  line,  as  between  these  points,  at  present,  pillars 
of  coal  have  to  be  left  in  to  support  the  sea  bottom. 

Mr.  J.  J.  McDougall:  The  formation  of  the  measures 
associated  with  the  Foord  seam  do  not  lend  themselves  to  an 
easy  economic  recovery  of  the  coal.  One  hundred  and  fifty 
feet  below  the  Foord  seam  lies  the  Cage  seam,  which  varies 
from  12  to  24  feet  in  thickness.  One  hundred  and  fifty  feet 
below  that  again  lies  the  Third  seam  which  runs  from  11  to  18 
feet  in  thickness.  Below  that  again  at  a  distance  of  180 
feet  lies  the  McGregor  seam  with  a  thickness  of  coal  of  12  feet 
and  at  a  short  depth  below  lies  the  Acadia  No.  1  seam  which 
is  8  feet  thick. 

This  concentration  of  thick  seams  all  liable  to  spontaneous 
combustion,  in  some  650  feet  of  coal  measures,  renders  their 
successful  extraction  a  difficult  task  and  there  have  been  sever- 
al instances  of  a  fire  spreading  from  one  seam  to  another 
through  the  breaks  in  the  intervening  strata. 

The  adoption  of  hydraulic  stowage  would  entirely  overcome 
this  dangerous  feature,  and  would  further  permit  of  greater 
latitude  in  the  order  of  working  the  different  seams. 

Mr.  H.  B.  Gillis  said  the  feasibility  of  hydraulic  stowing 
chiefly  hinged  on  the  cost  of  the  stowing  material.  He  enquired 
whether  hydraulic  stowing  very  much  lessened  the  cost  of 
timber  support.  A  good  deal  depended  on  the  value  of  the 
material  being  mined;  coal  might  stand  a  higher  cost  than 
iron  ore,  for  example. 

Mr.  Walter  Herd  :  To  attain  anything  nearly  approach- 
ing complete  extraction  in  a  seam  of  coal  40  ft.  thick,  is  one  of 
the  most  difficult  problems  which  mining  men  have  to  face, 
and  the  only  method  which  would  nearly  attain  this  object 
would  be  employment  of  hydraulic  stowing. 


Hydraulic  Stowage — McCall  503 

Coal  mining  is  an  economic  venture  and  it  is  possible  to 
put  a  prohibitive  cost  on  the  output  by  attempting  too  complete 
an  extraction.  Generally  speaking,  the  availability  of  large 
quantities  of  suitable  stowing  material  near  at  hand  must  deter- 
mine whether  the  project  is  economically  possible  or  not. 
The  greatest  difficulty  we  should  have  to  contend  with  in 
Nova  Scotia  would  be  the  low  temperatures  experienced  during 
three  or  four  months  in  the  year,  and,  to  my  mind,  it  is  very 
questionable  if  hydraulic  stowing  is  feasible  during  the  winter 
months. 

When  advocating  hydraulic  stowing  for  the  undersea 
Cape  Breton  mines,  I  had  in  view  working  in  the  solid  during 
the  winter  months  and  extracting  the  pillars,  which  would 
be  replaced  by  flushed  material,  during  the  milder  weather. 

The  introduction  of  hydraulic  stowing  would  be  slow,  due 
to  the  lack  of  trained  men,  and  I  think  that  Mr.  McCall  has 
laid  off  a  rather  too  large  area  to  begin  with.  The  success  of 
hydraulic  stowing  in  Myslovitz,  in  Upper  Silesia,  is  acknowl- 
edged to  be  largely  due  to  the  highly  efficient  management. 

Contrary  to  first  conceived  expectations,  timber  cost 
cannot  be  reduced  by  hydraulic  stowing,  at  least  in  the  case 
of  thick  seams;  practice  having  shown  that  it  is  not  possible 
to  draw  the  timbers. 

I  believe  Mr.  McCall  is  right  in  working  the  seam  in  two 
lifts,  and  possible  experience  later  on  may  prove  that  it  will 
be  better  to  work  this  seam  in  three  lifts. 

I  can  imagine,  in  starting  a  section  of  a  mine,  hydraulic- 
ally  stowed,  in  Nova  Scotia,  that  the  difficulty  in  dealing  with 
labour  would  be  most  formidable.  Due  to  our  proximity  to 
the  United  States,  with  its  great  areas  of  thick,  regular  coal 
seams,  we  are  more  or  less  bound  to  the  principle  of  thick  seam 
rates  for  certain  work  with  the  miners'  unions,  which  makes  a 
very  inflexible  state  of  affairs  in  the  management  of  a  mine 
working  a  contorted  or  faulted  area.  On  the  continent  of 
Europe,  where  the  coal  seams  are  more  or  less  irregular  and  very 
diversified,  it  is  general  for  the  mine  manager  or  his  subordinates 
to  bargain  on  the  spot  with  the  men  concerned  for  a  piece  of 
work  to  be  done,  which  I  imagine  would  be  very  necessary  in 
the  introduction  of  hydraulic  stowing. 
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Uthough  hydraulic  stowing  may  put  whal  would  appeal 
at  a  first  glance  a  prohibitive  cost  on  the  mining  of  the  Foord 
seam,  it  must  be  borne  in  mind  thai  a  certain  proportion  of 

this  cost  should  be  allocated  to  the  other  thick  -rams  which 
lie  in  close  proximity  to  the  Foord  seam  and  which  would,  to 
some  extent,  be  destroyed  by  the  extraction  of  the  Foord  seam 
without  some  form  of  filling.  In  other  words,  stowing  of  the 
Foord  seam  would  enhance  the  value  of  the  remaining  seams. 

No  doubt,  under  some  conditions,  the  introduction  of  a 
large  volume  of  water  into  the  workings  would  have  a  serious 
effect  on  the  productivity  of  the  miner,  but  I  do  not  imagine 
that  this  would  hold  good  under  a  temperature  of  —  say 
80°  F.  (wet  bulb),  and,  again,  settling  areas  for  water  may 
cause  fires,  due  to  dampness,  and  it  would  be  interesting  to 
know  if  the  Foord  seam  roof  is  an  active  agent  in  case  of  fire. 

It  would  be  interesting  if  Mr.  McCall  could  tell  the  meeting 
what  percentage  of  extraction  he  has  been  able  to  obtain  in 
taking  out  a  pillar  in  the  Foord  seam,  under  the  present  method 
of  working,  and  also  if  that  would  compare  favourably  with 
the  extraction  under  the  ''square  work"  system,  such  as  is 
adopted  in  the  Staffordshire  thick  coal,  where  I  believe  the 
percentage  of  extraction  runs  somewhere  around  60  per  cent. 

Mr.  Alexander  McEachern:  I  may  say  that  I  listened 
intently  to  Mr.  McCall's  paper,  and  noted  that  he  claims  to  have 
done  away  with  several  items  of  cost  which  entered  into  the 
present  day  method  of  working,  namely:  stone  dusting  and 
sprinkling,  leaving  large  barrier  pillars, and  expensives  stoppings 
for  prevention  of  mine  fires  and  the  protection  of  life.  This 
would  reduce  the  cost  of  hydraulic  stowing  and  add  to  the  gen- 
eral safety.  The  system  seems  to  have  serious  drawbacks, 
one  of  them  being  the  cost  of  pumping.  The  writer  states 
that  two  to  one  is  necessary  for  flushing.  For  an  estimated 
output  of  1000  tons,  the  quantity  of  water  to  be  pumped 
would  be  about  2500  tons.  Some  European  authorities  claim 
that  six  to  one  is  necessary  for  successful  flushing.  This  would 
further  increase  pumping.  Taking  into  consideration  the 
amount  of  sediment  in  the  water,  and  the  building  of  walls  for 
filtering  and  catching  this  sediment,  the  cleaning  of  lodgements 
and  the  extra  upkeep  of  pumps,  the  whole  matter  resolves 
itself  into  one  of  cost. 


Hydraulic  Stowage — McCall  505 

I  am  also  interested  in  the  amount  of  subsidence  which 
would  occur  after  flushing.  It  is  said  to  vary  according  to  the 
district  flooded.  The  discussion  of  this  paper  here  to-day  will, 
no  doubt,  give  us  further  light  on  this  matter. 

It  is  a  splendid  paper  and  we  are  all  under  obligation  to 
Mr.  McCall  for  the  able  manner  in  which  he  presented  this 
most  interesting  subject. 

Prof.  F.  H.  Sexton:  I  might  suggest  another  field  of  ex- 
perimentation, namely:  the  possibility  of  transferring  materials 
for  stowing  by  compressed  air.  Grain  is  now  transported  in 
large  quantities  in  this  manner  for  long  distances,  and  flows 
along  in  pipe  lines  similarly  to  a  liquid. 

This  idea  may  only  prove  to  be  a  dream  in  connection 
with  the  transportation  of  heavier  materials,  but  it  opens  up 
a  possibility  for  experiment  and  may  warrant  investigation. 

Mr.  T.  L.  McCall:  In  reply  to  Mr.  Gillis'  inquiry  con- 
cerning the  cost  of  timbering,  I  have  frequently  seen  it  stated 
that  the  introduction  of  hydraulic  stowage  reduces  the  cost 
of  timber  support,  In  a  report  on  hydraulic  stowage  made  by 
an  eminent  continental  mining  engineer,  for  the  British  Depart- 
mental Committee,  on  Spontaneous  Combustion  of  Coal  in 
Mines,  it  is  stated  "that  it  is  a  fact  that  where  thick  seams  are 
worked  and  where  hydraulic  stowage  has  been  resorted  to,  the 
cost  of  timber  has  gone  up  in  consequence."  My  experience 
confirms  this  statement.  The  reason  is  that  it  is  essential 
for  the  satisfactory  working  of  the  next  succeeding  upper  lift 
that  the  roof  of  the  lift  being  worked  be  kept  intact  and  to  insure 
this  being  done,  it  is  necessary  to  use  more  timber  than  would 
otherwise  be  the  case. 

Mr.  Herd  is  somewhat  severe  in  his  criticism  of  the  scale 
of  the  proposed  lay  out.  The  plan  is  a  visionary  ideal  of  what 
should  finally  eventuate  from  small  beginnings.  But  let  me 
take  this  opportunity  of  emphasizing  the  fact  that  hydraulic 
stowage  must  be  done  on  a  large  scale  if  it  is  desired  to  show 
a  satisfactory  cost. 

Although  I  referred  to  the  extra  humidity  of  the  atmosphere 
due  to  the  introduction  of  large  bodies  of  water  into  the  mine, 
I  did  not  intend  that  such  should  be  read  as  applying  to  this 
case,  as  the  mine  temperature  does  not  exceed  65°  F. 

I  do  not  consider  that  the  Foord  roof  is  in  any  way  respon- 
sible for  the  cases  of  spontaneous  combustion  that  have  taken 
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place  in  this  -cam  from  time  to  time.  Indeed,  I  think  that  the 
fragile  nature  of  the  roof  is  a  factor  of  safety  as  when  it  falls  it 
acts  as  a  blanket  and  prevents  the  accession  of  air  to  the  crushed 
coal  lying  underneath. 

I  regret  that  I  am  unable  to  furnish  any  figures  showing 
the  percentage  of  extraction  in  drawing  pillars  in  the  Foord 
seam  as  so  far  I  have  not  had  an  opportunity  for  obtaining 
sufficiently  reliable  data  on  which  to  base  the  figures.  In 
Staffordshire  the  thick  seam  varies,  I  understand,  from  24  to 
30  feet.  The  Foord  seam,  as  stated  in  my  paper,  is  40  ft.  thick 
and  when  the  relative  thicknesses  of  these  two  seams  are 
taken  into  account,  I  judge  that  we  should  make  as  good  a 
showing  in  the  percentage  of  extraction  as  the  figure  of  60 
per  cent  quoted  by  Mr.  Herd. 

Since  the  Foord  seam  is  not  so  liable  to  spontaneous 
combustion  as  the  Staffordshire  thick  seam,  it  is  possible  for 
us  to  deal  with  the  larger  panels  with  the  consequent  reduction 
of  coal  lost  in  barriers  and  this  is  another  factor  which  should 
help  us  to  show  a  good  percentage  of  extraction  when  compared 
with  Staffordshire. 

Mr.  McEachern  seemed  to  think  that  a  flushing  mixture 
of  two  of  water  to  one  of  sand  would  not  readily  flow  in  the 
pipes,  but  I  can  assure  him  that  under  suitable  conditions  a  one 
to  one  mixture  is  readily  conveyed.  The  mixture  of  water  and 
sand  is  determined  by  the  vertical  head  and  the  horizontal 
distance  along  which  the  flushing  material  has  to  be  conveyed. 
Under  very  adverse  conditions,  i.e.  with  a  small  head  and  long 
horizontal  distance,  it  might  be  necessary  to  use  a  six  to  one 
mixture. 

The  amount  of  subsidence  varies  with  the  nature  of  the 
stowage  material  employed,  and  using  sand  for  flushing,  the 
subsidence  should  not  amount  to  more  than  5  per  cent  of  the 
total  thickness  of  the  seam  extracted.  It  will  be  found,  how- 
ever, that  the  surface  draw  in  the  case  of  hydraulic  stowage 
extends  very  much  further  than  in  the  case  with  ordinary 
hand  stowing  of  the  waste,  and  if  valuable  buildings  overly 
the  area  being  worked,  this  fact  should  be  kept  in  mind. 

Referring  to  Prof.  Sexton's  remarks,  I  have  never  known 
of  sand  being  transferred  over  any  distance  by  compressed 
air,  but  the  idea  is  certainly  worth  careful  consideration. 


CLOSED  SYSTEM  BREATHING  APPARATUS. 
By  I.  C.  Mackie. 

(Annual   Meeting  Mining  Society  of  Nova  Scotia,  Halifax  April,  1923) 

It  may  seem  presumptuous  for  one  who  has  had  no  prac- 
tical experience  whatever  with  mine  rescue  apparatus 
to  attempt  any  discussion  thereof.  It  is  not  my 
intention  however  to  compare  various  types  or  to  deal  with 
the  mechanical  features  of  any  apparatus.  There  are  certain 
principles  common  to  all  closed  system  breathing  machines, 
certain  inevitable  changes  in  the  composition  of  the  circulating 
gases,  certain  volume  relations,  etc.  Perhaps  one  accustomed 
to  deal  with  gaseous  volumes  and  reactions  may  be  able  to 
give  to  the  man  who  has  to  use  or  to  have  a  practical  knowledge 
of  breathing  machines  a  somewhat  clearer  idea  of  what  takes 
place  in  the  enclosed  atmosphere.  Perhaps  those  of  you  who 
are  at  all  interested  have  already  fully  informed  yourselves 
along  these  lines.  If  so,  it  may  relieve  you  to  hear  that  brevity 
will  be  the  chief  merit  of  this  discussion. 

The  active  parts  of  the  human  lungs  are  the  millions  of 
tiny  air  sacs,  or  alveoli  as  they  are  called,  to  which  the  bron- 
chial tubes  are  the  trunk  lines  of  approach.'  The  number  of 
these  tiny  sacs,  in  a  normal  pair  of  lungs,  is  estimated  at 
725,000,000  and  their  surface  area  is  calculated  to  be  109  square 
yards  or  many  times  the  surface  area  of  the  entire  body.  The 
membrane  forming  the  wall  of  these  sacs  is  called  the  epithe- 
lium. Through  this  membrane  oxygen  from  the  inspired  air 
diffuses  into  the  blood  where  it  is  seized  by  the  red  corpuscles 
and  carried  away  to  all  parts  of  the  body  tissues.  At  the 
tissues,  especially  the  muscles,  oxidation  is  continually  taking 
place,  the  oxygen  is  consumed  and  carbon  dioxide  produced. 
This  latter  gas  is  carried  in  solution  in  the  blood  stream  return- 
ing to  the  lungs  and  there  escapes  through  the  epithelium 
membrane  into  the  air  sacs  and  is  exhaled.  The  amount  of 
carbon  dioxide  produced  in  the  tissues  will  be  determined 
by  the  amount  of  muscular  exertion  being  made  at  the  time. 
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Under  ordinary  circumstances  the  rate  of  breathing  is  automa- 
tically controlled  by  the  percentage  of  carbon  dioxide  dissolved 
in  the  blood.  The  regulation  is  extremely  sensitive.  Any 
increase  in  the  carbon  dioxide  content  of  the  blood  acts  at  once 
on  the  respiratory  centre  of  the  brain  and  stimulates  deeper 
breathing,  until  the  normal  percentage  is  restored.  The 
normal  equilibrium  is  established  for  a  healthy  person  when 
the  air  in  the  tiny  air  sacs  contains  about  5.6  per  cent  of  carbon 
dioxide.  Breathing  will  not  naturally  be  stimulated  beyond 
this  amount.  Prolonged  deep  breathing,  voluntarily  indulged 
in  when  the  bodily  functions  do  not  demand  it,  will  rinse  out 
the  carbon  dioxide  from  the  blood,  reducing  it  below  the 
normal  level  with  unpleasant  consequences.  Anyone  may 
try  such  an  experiment  and  it  does  not  need  to  be  long  continued 
until  it  becomes  evident  that  something  is  wrong.  Animals 
have  been  subjected  to  prolonged  artificial  respiration,  beyond 
their  requirements,  until  the  carbon  dioxide  was  unduly  re- 
moved from  the  blood.  On  ceasing  the  artificial  respiration 
it  was  found  that  normal  respiration  failed  to  function  and 
death  ensued.  As  stated  above  the  amount  of  carbon  dioxide 
produced  in  the  body  and  consequently  the  amount  of  oxygen 
required  will  vary  with  the  amount  of  work  being  done. 

The  very  great  difference  in  the  amount  of  oxygen  required 
by  the  human  system  in  a  state  of  rest  as  compared  with  the 
need  during  heavy  work  presents  the  greatest  difficulty  to  the 
design  of  a  satisfactory  closed  system  breathing  apparatus. 
An  ideal  apparatus  should  supply  automatically  the  maximum 
oxygen  that  may  be  needed  continuously  for  as  long  a  period 
as  the  user  may  need  to  put  forth  his  greatest  effort.  In  times 
of  emergency  when  life  is  at  stake,  rescue  men  cannot  be  res- 
trained from  using  their  utmost  endeavour  and  unless  the 
apparatus  is  adequate  to  meet  the  heaviest  load  the  results 
may  be  fatal  to  the  wearer.  The  body's  demand  for  its  oxygen 
requirement  is  absolutely  imperative  and  must  be  granted 
at  once.  We  can  do  without  food  for  many  days,  and  without 
water  for  many  hours,  but  we  cannot  do  without  out  full  require- 
ments of  oxygen  even  for  a  few  minutes.  Furthermore  the 
victim  of  oxygen  shortage  gets  practically  no  warning.  He 
may  fall  helpless  or  unconscious  before  realizing  that  he  is 
in  a  serious  condition. 
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Speed 

Standing  still 

Walking  1  mile  per  hr. 
"      2  miles    "     . 

(  <  Q  <  <  tt 

it  A  (<  ( i 

"      5      "      "     . 


When  breathing 
oxygen 
0.45  Litre 
0.69 
0.95 
1.29 
1.89 
2.60 


The  amount  of  oxygen  required  under  various  conditions 
has  been  carefully  determined  in  recent  years.  The  British 
Department  of  Scientific  and  Industrial  Research  has  a  sub- 
committee on  Mine  Rescue  Apparatus.  In  their  second 
report  published  in  1920  they  give  the  following  figures,  which 
are  the  average  for  a  number  of  different  men. 

Oxygen  consumed  per  minute  in  litres  by  man  carrying 
a  total  weight  of  43  lbs.  on  level  surface. 

When  breathing 
air 
0.40  Litre 
0.65 
0.87 
1.16 
1.82 
2.80 

One  subject,  a  miner  in  excellent  condition,  used  2.22  litres 
of  oxygen  per  minute  when  walking  only  4  miles  per  hour 
and  2.80  at  the  5  mile  rate.  It  should  be  clearly  understood 
that  the  oxygen  consumed  does  not  mean  oxygen  breathed. 
The  amount  breathed  would  be  enormously  greater.  The 
consumption  is  that  amount  entirely  absorbed  by  the  lungs. 
In  its  place  there  would  be  exhaled  an  almost  equal  volume 
of  carbon  dioxide.  To  be  exact  the  volume  of  carbon  dioxide 
exhaled  when  at  rest  is  about  80  per  cent  of  the  oxygen  absorbed. 
The  proportion  increases  with  increasing  activity,  reaching 
over  90  per  cent  for  vigorous  work,  and  for  short  periods  during 
extreme  exertion  the  volume  of  exhaled  carbon  dioxide  may 
exceed  the  oxygen  absorbed. 

When  walking  up  an  inclined  roadway  the  oxygen  consumed 
is  very  much  increased  as  shown  in  the  following  table. 

Oxygen  consumed  in  litres  per  minute  by  man  carrying 
load  of  43  lbs. ,  and  walking  up  mine  incline  of  21°  slope.  Aver- 
age of  several  men. 

Breathing  air 
0.46  Litre 
1.24      " 
2.30      " 
3.10      " 
exceeded  these 


Speed 

Standing  still 

Walking  ^  rnile  per  hr. . 
«<        -I     t*       tt 

Certain  individuals 


Breathing  oxygen 
0.46  Litre 
1.26      " 
2.31       " 
3.00      " 
average  figures  by 


more  than  10  per  cent. 
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Results  obtained  by  United  States  observers  are  in  agree- 
ment with  the  above  figures.  The  U.S.  Bureau  of  Mines 
Technologic  Paper  No.  82  draws  attention  to  the  wide  variation 
in  oxygen  requirements  during  different  forms  of  exertion. 
To  quote  from  this  publication:  —  "The  subject  may  feel  that 
he  is  making  a  great  exertion,  and  may  soon  become  exhausted, 
by  pulling  heavy  chest  weights  with  the  comparatively  small 
muscles  of  the  arms,  although  he  is  consuming  only  a  moderate 
amount  of  oxygen.  On  the  other  hand  there  may  be  an  equal 
or  even  a  much  larger  consumption  of  oxygen  without  sense 
of  effort  or  fatigue  during  rapid  but  easy  walking,  and  even 
more  during  the  ascent  of  a  flight  of  stairs  at  an  ordinary  rate 
because  the  large  muscles  of  the  legs  are  brought  into  action." 

Tests  indicate  that  the  consumption  of  oxygen  in  the  usual 
smoke-house  exercises  is  not  greater  than  that  required  when 
walking  at  the  rate  of  2  miles  per  hour  in  the  open.  It  is 
important  therefore  to  establish  by  the  most  rigorous  tests 
just  what  may  be  expected  from  an  apparatus  in  times  of 
emergency,  when,  in  addition  to  extreme  demands  for  oxygen, 
there  will  also  be  less  intelligent  use  by  the  wearer  of  the  by- 
pass and  relief  valves,  due  to  excitement,  or  the  demands  of 
the  work  in  hand. 

Let  us  consider  possible  changes  in  the  atmosphere  inside 
the  apparatus.  With  every  type  of  machine  it  is  important 
to  flush  out  as  much  as  possible  of  the  nitrogen  not  only  from 
the  apparatus  but  also  from  the  wearer's  lungs  before  closing 
the  system.  Air  contains  in  round  numbers,  80  per  cent 
nitrogen  and  20  per  cent  oxygen.  The  interior  volume  of  such 
apparatus  as  the  Gibbs,  Paul,  and  Briggs  is  approximately 
10  litres.  The  average  man's  lungs  after  an  ordinary  expiration 
will  still  contain  about  3  litres  of  gas  which  by  a  forced  expi- 
ration may  be  reduced  to  1.5  litres.  The  combined  volume 
of  machine  and  lungs  after  forcible  expiration  may  therefore 
be  taken  as  11.5  litres. 

The  proper  procedure  to  get  rid  of  the  nitrogen  would  be 
as  follows :  —  Collapse  the  breathing  bag  and  fill  with  pure 
oxygen.  Operator  should  expel  as  much  air  as  possible  from 
lungs  before  taking  mouthpiece.  Fill  lungs  with  oxygen  from 
the  bag  and  exhale  through  the  nose  to  the  air.  Repeat  several 
times  to  fully  rinse  out  the  lungs.    Apply  nose  clip  and  breathe 
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through  the  closed  circuit  to  sweep  out  nitrogen  from  the 
purifier  and  other  parts  of  the  system.  This  will  again  increase 
the  nitrogen  content  in  the  bag.  Fill  lungs  with  a  forced 
inspiration  from  the  bag  and  exhale  through  the  nose  to  the 
atmosphere.  Repeat  this  inhalation  and  expel  to  the  air  again. 
Attach  nose  clip  and  again  circulate  the  gas  in  the  system  and 
follow  up  with  further  expulsion  of  gas  to  the  air  through 
the  nose.  A  few  trials  accompanied  by  analyses  will  reveal 
the  best  method  of  effectively  expelling  the  nitrogen  and  insuring 
a  high  oxygen  content  at  the  beginning  of  the  test.  There 
should  be  no  difficulty  with  any  type  of  apparatus  in  securing 
an  atmosphere  of  75  to  80  per  cent  oxygen  at  the  start.  This 
is  not  always  done  however.  In  recent  tests  one  particular  type 
of  apparatus  was  never  flushed  out  to  better  than  a  50  per  cent 
oxygen  content  and  one  test  showed  as  low  as  35  per  cent  at 
the  beginning  of  the  trial. 

The  reason  for  insisting  on  thorough  rinsingout  of  the  nitro- 
gen is  not  that  the  operator  will  be  stimulated  by  the  high 
oxygen  atmosphere  but  to  prevent  the  subsequent  accumulation 
of  nitrogen  reaching  the  danger  point.  In  an  apparatus  of 
the  automatic  oxygen-supply-type  where  oxygen  is  admitted 
only  as  required,  (the  collapse  of  the  bag  opening  the  oxygen 
supply  valve)  nitrogen  accumulation  might  be  very  serious. 
Earlier  forms  of  such  apparatus  carried  no  relief  valve  and  were 
a  thoroughly  closed  system.  Suppose  such  a  machine  to  be 
started  with  only  35  per  cent  oxygen  atmosphere  in  the  11.5 
litres  space  composed  of  the  circulating  parts  of  the  machine 
and  the  operators  lungs.  Let  us  also  suppose  that  the  oxygen 
supplied  was  of  low  grade  and  contained  only  95  per  cent 
oxygen  and  5  per  cent  nitrogen.  Let  us  further  suppose  the 
apparatus  to  be  put  to  immediate  strenuous  use  with  an 
oxygen  consumption  of  3  litres  per  minute.  In  an  emergency 
these  very  things  would  be  particularly  apt  to  occur.  The 
rinsing  out  of  the  machine  and  the  lungs  would  be  imperfectly 
done  and  the  urgent  need  would  call  for  extreme  exertion  on 
the  part  of  the  operator.  The  oxygen  used  should  not  of  course 
be  less  than  98  per  cent  pure,  but  there  are  many  cylinders 
sold  containing  only  95  per  cent  and  unless  special  precautions 
have  been  taken  such  gas  might  be  used. 
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Closed   Systevi    Breathing   Apparatus. 

Total  volume  including  lungs        11.5  litres. 
Oxygen  in  cylinder  95  per  cent. 

Rate  of  consumption  3  litres  per  minute. 

Atmosphere  in  System 

Litres  Litres        Per  Cent 

Nitrogen      Oxygen       Oxygen 

At  start  (assumed) 7.48  4.02  35.0 

After  15  minutes  (45  litres 

oxygen  used) 9.73  1.77  13.7 

After    20   minutes (60   litres 

oxygen  used) 10.48  1.02  8.9 

As  a  man  cannot  properly  absorb  oxygen  when  its  content 
in  the  air  falls  below  13  per  cent  or  thereabouts,  the  operator 
in  the  above  test  would  have  reached  the  limit  in  about  15 
minutes  and  would  have  fallen  helpless  or  unconscious  in  20 
minutes.  If  the  rate  of  exertion  and  the  oxygen  consumption 
were  more  moderate,  say  2  litre  per  minute,  the  same  changes 
in  atmosphere  would  take  place  but  not  so  soon.  The  com- 
position of  the  gas  would  be  determined  of  course  by  the 
amount  of  oxygen  admitted  from  the  cylinder  with  the  conse- 
quent increase  in  the  volume  of  nitrogen  in  the  system.  At 
the  lower  rate  of  usage  the  operator  would  not  become  helpless 
until  30  minutes  had  elapsed.  The  case  has  been  put  in  this 
extreme  form  to  show  the  importance  of  properly  flushing  out 
the  nitrogen  at  the  start,  of  using  only  high  grade  oxygen, 
and  furthermore  the  desirability  of  providing  for  a  regular 
expulsion  of  a  part  of  the  gas  in  the  system  and  its  replacement 
with  oxygen. 

Let  us  suppose  a  contrary  case  of  high  grade  oxygen 
(98  per  cent)  and  a  thorough  rinsing  out  of  nitrogen  at  the  start 
so  as  to  produce  an  atmosphere  of  70  per  cent  oxygen  in  the 
system.  Even  with  no  relief  valve  operation,  the  system  re- 
maining entirely  a  closed  one  we  find  the  nitrogen  accumulation 
not  to  be  dangerous  even  up  to  the  time  when  the  entire 
oxygen  in  the  cylinder  has  been  used  up.    Below  are  the  figures. 
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Closed  system  using  98  per  cent  oxygen,  and  machine 
rinsed  out  to  70  per  cent  oxygen  at  start. 

Attnosphere  in  system. 

Litres  Litres        Per  Cent 

Nitrogen      Oxygen       Oxygen 

At  start 3.45  8.05  70.0 

After  admission  of  280  litres 

oxygen 9.05  2.45  21.3 

The  test  would  end  with  plenty  of  oxygen  in  the  system, 

the  composition  being  practically  that  of  atmospheric  air. 
Let  us  consider  a  closed    system  imperfectly  rinsed  at 

the  start  to  a  35  per  cent  oxygen  atmosphere  but  supplied  with 

98  per  cent  oxygen  from  the  cylinder.    The  changes  taking 

place  are  shown  below. 

Closed  system  using  98  per  cent  oxygen  and  imperfectly 
rinsed  at  start  to  only  35  per  cent  oxygen  content. 

Atmosphere  in  system. 

Litres        Litres        Per  Cent 
Nitrogen    Oxygen       Oxygen 

At  start 7.48  4.02  35.0 

After  using    90  litres  oxygen      9.28  2.22  19.3 

After  using  140      "        "         10.28  1.22  10.6 

In  other  words  when  about  half  the  oxygen  has  been  used 
the  atmosphere  would  be  such  that  the  operator  could  not 
retain  consciousness. 

In  actual  use  the  above  calculated  atmospheres  do  not 
develop  owing  to  the  fact  that  a  closed  system  is  not  main- 
tained. In  an  automatic  feed  machine  having  no  relief  valve, 
such  as  the  Gibbs,  the  accumulation  of  nitrogen  is  prevented 
by  leakage  and  by  the  occasional  blowing  off  through  the 
saliva  trap.  The  frequent  use  of  this  trap  is  thus  seen  to  be 
necessary  for  safety  and  not  merely  for  the  convenience  of 
the  operator.  As  pointed  out  above  however,  if  thorough 
initial  rinsing  is  effected,  and  only  high  grade  oxygen  used, 
the  system  could  remain  entirely  a  closed  one  without  danger- 
ous accumulation  of  nitrogen. 
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In  an  apparatus  of  the  fixed  flow  type  and  hand  operated 
relief  valve,  such  as  the  Proto,  the  usual  rate  of  flow,  2  litres  of 
oxygen  per  minute,  is  greater  than  required  during  moderate 
exertion,  and  results  in  undue  pressure  in  the  bag  and  frequent 
operation  of  the  relief  valve.  This  is  a  safeguard  against  nitrogen 
accumulation.  If  however  vigorous  exertion  were  required, 
the  oxygen  consumption  would  exceed  2  litres  and  no  undue 
extension  of  the  bag  would  result.  Using  an  impure  oxygen 
under  these  conditions  the  accumulation  of  nitrogen  would 
be  rapid.  In  such  an  apparatus  the  relief  valve  should  be  used 
at  regular  intervals  even  if  necessary  to  by-pass  the  oxygen 
in  order  to  do  so.  The  fact  that  2  litres  is  an  excessive  amount 
of  oxygen  for  ordinary  mild  exertion  has  led  some  operators 
to  favour  cutting  down  the  rate  to  1 3/2  litres  or  even  less.  This 
is  such  a  dangerous  tendency,  and  so  likely  to  lead  to  oxygen 
shortage  in  times  of  extreme  exertion,  that  the  British  Com- 
mittee recommends  that  it  be  made  illegal  to  supply  machines 
delivering  less  than  2  litres  per  minute. 

An  automatic  relief  valve  set  at  same  point  always  under 
a  positive  pressure  and  so  set  as  to  continuously  discharge  a 
proper  percentage  of  the  gas  in  the  system  would  seem  to  be 
a  very  desirable  feature  in  any  apparatus  and  almost 
necessary  for  safety.  A  steady  discharge  of  say  10  per  cent 
of  the  gas  would  probably  be  ample  to  guard  against  nitrogen 
accumulation  even  in  the  case  of  poor  initial  rinsing  and 
comparatively  low  grade  oxygen. 

In  all  the  above  calculations  it  has  been  assumed  that  the 
absorption  of  the  carbon  dioxide  has  been  practically  complete. 
The  point  discussed,  namely  the  danger  of  oxygen  shortage 
due  to  accumulated  nitrogen,  is  one  perhaps  not  likely  to  arise 
under  test  conditions  but  becoming  very  threatening  when 
strenuous  and  prolonged  exertion  is  demanded.  The  impending 
failure  of  oxygen  supply  gives  very  little  warning  and  it  is 
therefore  the  more  important  to  safeguard  against  its  possible 
occurrence. 

Discussion. 

Mr.  Alexander  McEachern:  Recently  tests  have  been 
made  of  the  various  standard  types  of  self-contained  breathing 
apparatus  by  the  Dominion  Coal  Company,  but  the  inform- 
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ation  gained  has  not  yet  been  assembled  and  we  have  not 
arrived  at  final  conclusions. 

The  precaution  recommended  by  Mr.  Mackie  of  washing 
out  the  lungs  and  the  breathing  bag  of  the  apparatus,  is  a 
practice  rigidly  carried  out  at  all  the  Breathing  Apparatus 
Stations  of  the  Dominion  Coal  Company. 

Mr.  J.  J.  McDougall:  Mr.  Mackie's  paper  deals  with 
the  necessity  for  a  continual  sufficiency  of  oxygen  supply. 
Some  difficulties  that  have  come  within  my  experience  have 
been  attributed  to  inefficient  action  of  the  caustic  soda,  and  it 
has  been  the  tendency  to  blame  the  caustic  soda  too  exclusively. 
Mr.  Mackie's  paper  is  useful  in  directing  attention  to  the 
oxygen. 

Mr.  J.  C.  Nicholson:  Breathing  apparatus  is  put  to  a 
severe  test  when  the  wearer  has  to  walk  up  heavy  grades, 
which,  in  the  mainland  mines,  will  often  exceed  45  to  60 
per  cent.  Failures  of  the  machine  have  been  generally  attri- 
buted to  excess  of  carbon  dioxide,  but  it  is  probable  they  were 
due  to  insufficient  supply  of  oxygen  when  the  breathing  require- 
ments of  the  wearer  were  greatly  in  excess  of  the  normal  require- 
ments, because  of  unusual  exertion. 

Mr.  F.  W.  Gray:  Mr.  Mackie's  paper  is  written,  as  he 
states,  from  the  purely  scientific  point  of  view,  and  a  criticism 
on  these  lines  is  refreshing  and  stimulating  to  those  who  have 
chiefly  had  to  deal  with  breathing  apparatus  in  practice  rather 
than  with  the  underlying  principles  that  are  common  to  all 
standard  types. 

The  paper  is  particularly  pleasing  because  it  indicates  a 
tendency  to  take  oxygen  breathing  apparatus  very  seriously 
In  the  past,  too  much  emphasis  has  been  placed  on  the  use- 
fulness of  oxygen  breathing  apparatus  for  mine  rescue  work 
and  there  has  been  a  tendency  to  ignore  the  useful  limitations 
of  the  apparatus. 

Mr.  Mackie  emphasizes  the  importance  of  carbon  dioxide 
as  the  stimulant  of  breathing  and,  in  the  later  type  of  apparatus 
for  administering  oxygen,  provision  is  made  for  the  use  of 
carbon  dioxide  to  increase  the  capacity  for  taking  in  oxygen. 


A  WAIL  FROM  THE  BOILER-HOUSE. 
By  Michael  Dwyer. 

(Annual  Meeting  Mining  Society  of  Nova  Scotia,  Halifax,  April  1923) 

For  hundreds  of  years  before  Columbus  wore  holes  in  his 
first  pair  of  pants,  or  begged  his  mother  for  "Pieces  of  Eight' ' 
to  attend  the  movies,  the  domestic  hot-water  heating  system 
of  the  noble  red  man  of  America  consisted  of  a  watertight  box, 
a  pile  of  stones,  a  generous  supply  of  fire  wood  and  a  staff  of 
able  bodied  lady  Indians.  The  modus  operandi  was  for  the 
ladies  to  fill  the  box  with  water  and  the  choice  portions  of 
bow-wow  that  were  intended  to  round  out  the  dignity  of  their 
lords  and  masters  at  the  coming  feast.  The  stones  were  then 
heated  by  a  brush  fire  and  thrown  into  the  box,  and  the  opera- 
tion repeated  until  the  chief  taster  pronounced  the  dish  fit  for 
circulation. 

The  feminine  members,  after  first  carefully  licking  the 
stones  free  from  any  adhering  matter  in  the  shape  of  broth 
or  bits  of  dog,  withdrew  from  the  spot-light  and  the  sterner  sex 
proceeded  with  the  party.  No  doubt,  as  the  evening  waned 
and  the  spruce  beer  began  to  flow  freely,  they  regaled  one  an- 
other with  stories  of  how  many  miles  their  respective  ponies 
could  go  on  a  gallon.  The  natives  on  the  north  coast  of  British 
Columbia  and  Alaska,  use  these  primitive  means  to-day  for 
extracting  oil  from  certain  species  of  fish. 

Some  of  our  efficiency  friends  could  no  doubt  show  by 
figures  just  how  many  B.T.U's  were  wasted  by  the  Indian's 
method  of  operation,  but  on  the  other  hand  it  must  be  remem- 
bered that  his  chief  difficulty  was  to  burn  his  wood-pile  as 
fast  as  it  grew,  and  as  his  labourers  sole  object  in  life  was  to 
please  her  lord  and  master,  without  pay,  this  supposed  waste 
was  not  perhaps  a  national  calamity. 

To-day  with  the  known  reserves  of  coal  appearing  in  plain 
sight  on  the  horizon,  it  behooves  every  one  to  seriously  consider 
just  how  much  longer  we  are  to  continue  the  inefficient  methods 
that  obtain  in  many  boiler-plants. 
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In  large  plants  where  power  is  being  produced  only  for 
sale,  the  burning  of  coal  is  carefully  watched,  but  at  coal  mines 
and  at  steel  plants,  where  fuel  is  supposed  to  be  cheap  (save 
the  mark)  the  operation  of  the  boiler-plant  is  only  of  secondary 
importance.  A  random  test  will  very  often  show  that  the 
evaporation  secured  is  only  about  6  or  7  pounds  of  water  per 
pound  of  coal,  with  a  fuel  that  should,  in  an  ordinary  boiler, 
evaporate  at  least  10  pounds  of  water  per  pound  of  coal. 

At  many  coal  mines  steam  costs  are  60  cents  per  ton  of 
coal  raised  and  as  one  of  the  largest  single  items  entering  into 
the  total  cost  of  coal,  it  is  of  sufficient  importance  to  be  care- 
fully watched. 

Hand-fired  boilers  probably  have  an  average  efficiency  of 
60  per  cent,  good  mechanical  stokers  will  increase  this  figure 
to  70  per  cent  and  with  a  first  class  equipment  for  burning 
pulverized  coal  it  is  possible  to  raise  the  efficiency  to  85  per 
cent.  In  fact,  there  are  one  or  two  manufacturing  firms  that 
will  guarantee  these  figures  or  refund  the  cost  of  the  plant. 

For  many  reasons  it  is  impossible  to  immediately  provide 
mechanical  stokers  and  modern  pulverizing  outfits  at  the 
present  plants  and  therefore  this  paper  is  more  concerned  with 
improving  existing  conditions  with  equipment  now  installed. 

Blocked  up  in  front  of  the  general  office  at  Sydney  Mines 
is  a  souvenir  of  early  engineering.  This  is  an  old  boiler  that 
was  imported  from  England  about  one  hundred  years  ago  by 
the  General  Mining  Association  for  their  operations  at  the 
Albion  mines,  Stellarton,  and  latterly  moved  to  Sydney  Mines. 
The  boiler  consists  of  a  tank  of  about  500  cubic  feet  capacity, 
built  in  the  shape  of  a  bee-hive  and  perfectly  innocent  of  tubes. 
It  was  heated  by  simply  setting  a  fire  underneath.  Water 
was  fed  to  the  boiler  by  gravity  from  a  supply  on  a  higher 
elevation  and  the  correct  level  maintained  by  an  automatic 
valve  controlled  by  a  stone  float  suspended  inside  the  boiler. 
During  the  busy  parts  of  the  day,  it  is  recorded  that,  the  steam 
pressure  was  often  as  high  as  six  pounds.  On  one  occasion  a 
leak  appearing  in  the  boiler,  the  fireman  put  a  daub  of  clay 
over  the  crack  and  held  it  in  place  with  his  shovel  until  his 
assistant  was  able  to  effect  a  permanent  patch  by  wedging  a 
pit-prop  between  the  wall  of  the  building  and  the  boiler. 
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In  those  early  days  it  is  probable  that  they  were  able  to 
evaporate  three  pounds  of  water  per  pound  of  coal.  To-day 
with  modern  boilers,  carrying  200  pounds  of  superheated 
steam,  it  is  possible  to  evaporate  about  ten  pounds  of  water 
per  pound  of  coal  but  a  random  test  at  many  plants  would 
prove  that  the  evaporation  is  nearer  seven,  or  approximately 
double  that  obtained  by  the  first  boilers  and  not  much 
advancement  over  our  Indian  predecessor  with  his  squaw 
fireman.  So  that,  checking  present  day  practice  against 
the  past,  the  shade  of  our  departed  red  brother,  looking  down 
from  the  happy  hunting  grounds  at  some  of  our  modern  plants, 
is  justified  in  pointing  the  finger  of  scorn  at  the  result  of  the 
efforts,  during  the  past  century,  of  his  white  successors  in 
improving  the  method  of  heating  water  or  raising  steam. 

It  may  not  be  possible  to  immediately  fit  all  our  boilers 
with  modern  equipment,  but  it  is  nevertheless  quite  possible 
to  effect  a  substantial  saving  with  the  present  outfits  by  care- 
fully examining  the  condition  of  the  boilers  and  the  method  of 
firing. 

Speaking  generally,  the  coal  mines  of  this  province  produc- 
ed last  year  4,463,000  tons  of  coal  and  consumed  under  their 
own  boilers  445,700  tons  or  9  per  cent  for  power.  If  the  unit  of 
evaporation  per  pound  of  coal  were  raised  even  two  pounds, 
which  is  not  an  unreasonable  objective,  it  would  mean  a  saving 
of  110,000  tons  equal  to  the  output  of  a  fair  sized  mine. 

To  accomplish  this  saving  it  is  necessary  to  make  the 
brickwork  tight,  keep  the  grates  clean,  and  the  dampers 
working  properly.  Plenty  of  light  is  essential  to  good  working 
conditions,  to  enable  the  attendants  to  detect  leaks  and  cracks 
in  the  boiler  setting,  for  their  immediate  repair. 

There  would  seem  to  be  no  more  excuse  for  allowing 
steam  and  water  leaks  to  exist  at  a  stationary  boiler-plant, 
than  there  is  on  board  an  ocean  liner.  Everyone  will  admit 
there  are  very  few  leaks  to  be  seen  in  the  power  plant  of  the 
rustiest  tramp  that  ranges  the  seven  seas.  Why  permit  these 
leaks  to  exist  ashore  with  a  well  stocked  warehouse  close  at 
hand,  and  plenty  of  able  bodied  fitters  willing  and  anxious  to 
work  overtime  at  double  pay  ? 

The  importance  of  a  properly  designed  grate  with  air 
space  arranged  to  suit  the  particular  size  and  quality  of  coal 
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in  use,  cannot  be  stressed  too  strongly.  This  point  is  very 
often  subordinated  to  first  cost  and  is  a  source  of  considerable 
waste.  An  examination  of  the  ash  dumps  will  bear  out  this 
statement. 

The  Canadian  Mining  Journal  of  April  22nd.  1923,  states, 
that  a  recent  test  of  the  ashes  from  a  large  industrial  works 
found  57  per  cent  combustible  matter  and  that  their  treatment 
by  oil  flotation  showed  a  recovery  of  over  40  tons  of  coal  from 
every  100  tons  of  ashes.  While  these  figures  may  seem  fairly 
high,  they  show  that  there  is  a  distinct  waste  at  this  point 
and  there  is  no  doubt  but  that  proper  furnace  design  and  care- 
ful firing  would  have  cut  this  loss  down  to  a  minimum. 

Stack  draft  and  temperature  have  also  a  marked  influence 
on  the  proper  working  of  a  plant.  Too  much  draft  is  worse, 
if  anything,  than  not  enough.  Excessive  draft  causing  holes 
to  appear  in  the  fire  bed  and  these  with  openings  in  the 
setting,  allow  cold  air  to  enter  and  cool  the  gases.  On  the 
other  hand  when  the  stack  temperature  approaches  600°  F., 
it  is  about  time  to  consider  that  the  water  is  being  boiled  at 
the  wrong  end  of  the  chimney. 

The  firing  practice  or  methods  of  operating  the  power 
plants  is  open  to  considerable  criticism,  and  perhaps  the  most 
important  factor  preventing  improved  conditions,  is  the  human 
one.  As  our  friend  the  Englishman  would  say,  a  fireman  is 
usually  considered  as  no  class.  While  the  power  plant  is  con- 
sidered the  heart  and  pulse  of  the  whole  works,  and  its  proper 
and  efficient  working  has  a  direct,  definite  and  distinct  bearing 
on  the  cost  of  the  product,  yet  in  the  majority  of  cases,  the  boiler 
house  is  treated  as  a  necessary  evil  and  the  fireman  as  a  low 
brow  who  is  allowed  to  live  because  the  law  has  decreed  that 
manslaughter  is  an  indictable  offence  and  because  no  one 
wants  to  inherit  his  family. 

The  manager  of  a  corporation  will,  with  considerable 
pride,  show  his  visitors  his  headframes,  screening  plants,  engine 
houses,  melting  furnaces  and  mills,  but  rarely,  except  under 
protest,  will  he  risk  his  visitor's  good  opinion  by  allowing  him 
to  see  the  inside  of  the  boiler-house.  In  fact,  about  the  only 
time  the  manager  visits  the  boiler-house  is  when  the  steam  is 
low,  and  then  it  is  to  be  feared  that  his  language  is  of  such  a 
nature  as  to  neutralize  the  good  work  of  the  welfare  depart- 
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ment,  and  when  he  leaves,  there  is  not  that  happy  feeling  ol 
good  fellowship  between  master  and  man  that  is  so  much  to 
be  desired. 

For  some  reason,  which  has  never  been  satisfactorily 
explained,  it  has  been  customary  before  giving  a  man  charge 
of  an  engine,  to  ascertain  if  he  possessed  proper  qualifications 
for  the  job,  but  in  the  case  of  the  fireman,  all  that  is  required 
is  that  he  be  physically  fit  to  shovel  so  many  tons  of  coal  in 
a  given  number  of  hours.  In  the  case  of  the  average  engineer 
it  is  almost  impossible  for  him  to  so  operate  his  engine  to  waste 
very  much  steam,  while  the  fireman  can  shovel  dollar  bills  into 
the  furnace  all  day  long.  To  a  casual  observer  it  looks  as  if 
the  better  man  were  in  th2  wrong  place. 

Until  the  fireman  takes  a  personal  interest  in  his  job, 
there  is  not  much  hope  of  conditions  improving.  The  present 
custom  is  to  run  a  boiler  test  every  once  in  a  while  and  then 
let  the  fireman  work  out  his  own  salvation  for  the  rest  of  his 
life,  or  until  the  time  comes  around  for  the  next  test,  when  it 
is  often  found  that  the  last  state  of  the  boiler  is  worse  than  the 
first.  This  condition  is  perhaps  partially  due  to  the  fact  that 
after  each  test  all  the  data  and  information  is  taken  away  and 
hidden  in  the  general  offices.  The  fireman,  who  is  expected 
to  carry  on,  does  not  in  many  cases,  see  a  copy  of  the  test  and 
has  not  even  had  the  meaning  of  it  explained  to  him,  Under 
the  circumstances  the  wonder  is  that  he  does  so  well. 

A  visit  to  almost  any  plant  will  disclose  the  fact  that 
there  are  thousands  of  pounds  of  exhaust  steam  blowing  into 
the  atmosphere  and  probably  at  the  same  time  the  feed  water 
in  the  boiler  house  is  under  150°  F.  It  is  of  general  knowledge 
that  every  10  per  cent  increase  in  the  feed  water  temperature 
will  effect  a  saving  of  1  per  cent  in  the  fuel  consumption. 

In  practically  all  other  operations  connected  with  indus- 
trial works,  it  is  considered  of  the  utmost  importance  that  all 
items  entering  into  the  cost  of  production  be  carefully  measured 
or  weighed  and  checked  against  the  output  each  day.  In  the 
case  of  the  boilers  there  is  usually  a  rough  return  made  of  the 
coal  consumed,  but  no  account  taken  at  all  of  whether  the  coal 
is  burned  by  the  day  or  by  the  night  shift,  and  as  for  measuring 
the  output  of  steam,  this  does  not  usually  even  receive  honoura- 
ble mention.  It  would  seem  equally  important  that  the  coal  used 
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by  each  shift  should  be  weighed,  the  water  fed  to  the  boiler 
measured,  and  a  record  made  of  the  steam  evaporated,  as  it  is 
to  weigh,  check  or  measure  any  other  large  item  entering  into 
the  cost  of  production. 

When  the  steam  produced  is  checked  against  the  coal 
burned  each  day,  any  falling  off  in  efficiency  is  noticed  and  may 
then  be  corrected  at  once. 

Keeping  boiler  tubes  free  from  scale  and  soot  has  been 
commented  on  so  often  that  it  deserves  attention.  In  the 
majority  of  cases  it  is  usually  decided  to  do  something  for  the 
boiler  tubes,  but  like  many  other  good  intentions,  this  one 
is  very  often  added  to  the  list  that  we  are  told  is  used  to 
furnish  paving  material  for  a  certain  brimstone  pit. 

Generally  speaking,  every  unnecessary  length  of  pipe 
should  be  cut  out,  and  particularly  all  steam  heating  systems, 
even  if  it  becomes  necessary  to  install  coal  fired  stoves.  The 
history  of  steam-heaters  for  the  ordinary  coal  mine  or  steel 
works  shows  that  they  either  continue  to  freeze  during  the 
winter  weather  and  thereby  keep  several  pipe-fitters,  families 
living  in  luxury,  if  not  in  idleness,  or  that  there  is  enough  steam 
going  to  waste  to  heat  the  whole  yard. 

Very  few  people  appreciate  what  it  costs  to  keep  the  steam- 
heaters  going  and  many  are  afraid  to  find  out,  they  are  like 
the  gentleman  who  was  asked  by  one  of  his  friends  "How 
much  does  it  cost  you  to  run  your  yacht,  old  top  ?"  to  which 
he  replied  "I  don't  know,  old  dear,  if  I  did  I  wouldn't  do  it." 

To  prevent  loss  through  radiation,  all  the  brick  work 
should  be  sufficiently  thick,  the  water  pipes  and  metal  parts 
covered  with  some  good  non-conductor  of  heat,  and  the  fire- 
doors  properly  fitted  and  air-tight.  In  other  words,  the  ideal 
condition  with  regard  to  radiation  losses  in  the  boiler-house 
should  be  such  as  to  make  it  necessary  to  provide  the  firemen 
with  stoves  to  keep  themselves  warm  in  winter  weather. 

To  revert  again  to  the  human  element,  the  first  step 
towards  an  improved  condition  is  to  realize  that  there  is  waste. 
Until  this  point  is  admitted  and  taken  seriously,  papers  on 
the  operation  of  boiler-plants  may  be  written  and  read  until 
every  one  is  as  black  in  the  face  as  the  fireman  and  yet  there 
will  be  no  marked  improvement. 
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A  solution  to  this  vexed  question  would  seem,  first  of  all, 
to  provide  some  means  for  measuring  the  coal,  water  and  steam 
each  shift,  and  to  equip  the  boiler  house  with,  and  educate  to 
the  firemen  in  the  use  of  the  simple  instruments  necessary  to 
carry  out  plain  working  tests.  In  this  way  the  fireman  could  be 
kept  informed  of  the  daily  condition  of  his  plant  and  would 
be  in  a  position  to  detect  and  correct  any  weak  spots  that 
might  develop.  Records  of  tests  should  be  kept  in  the  fireroom, 
to  be  studied  by,  and  used  for  the  improvement  of  the  new 
men. 

It  might  also  be  wise  to  seriously  consider  the  advisability 
of  establishing  a  school  of  combustion  engineering,  not  for  the 
use  of  the  chief  engineer  or  his  assistants,  whose  duties  usually 
keep  them  at  a  reasonable  distance  from  the  fireroom,  but  for 
the  improvement  of  the  men  who  are  actually  shovelling  coal 
from  the  heap  to  the  fire  door.  This  school  would  develop  a 
class  of  firemen  somewhat  different  from  the  lad  who  when 
questioned  by  the  chief  engineer  regarding  the  number  of 
B.T.U's  in  the  coal,  answered  that  he  never  saw  any,  that 
they  were  nearly  all  U.M.W's. 

With  these  matters  attended  to,  it  might  be  possible, 
instead  of  paying  the  fireman  a  fixed  rate  per  day,  to  pay  him 
at  a  rate  based  on  steam  produced  per  pound  of  coal  burned, 
and  in  this  way  raise  the  overall  efficiency  of  the  plant.  The 
moment  the  fireman  realizes  that  his  wages  depend  upon  the 
condition  of  the  boilers  he  will  see  that  no  unnecessary  waste 
is  allowed  to  exist. 

A  discussion  by  the  members  on  the  suggestion  of  raising 
the  status  of  the  fireroom  and  thereby  the  dignity  of  the  fire- 
man, with  a  view  to  improving  the  present  firing  practice, 
should  prove  interesting  and  instructive. 

In  the  distribution  of  steam  after  it  leaves  the  boiler,  there 
is  a  great  opportunity  for  the  efficiency  sharks  to  make  a  killing. 
One  of  the  hardest  things  an  operating  manager  has  contend 
with  is  the  obtaining  of  authority  for  overhauling  his  engines 
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at  the  proper  periods.  As  long  as  the  engine  runs,  is  strong 
enough  to  haul  its  load  and  looks  fairly  well  from  the  outside, 
few  persons  are  interested  in  whether  there  are  rings  in  the 
pistons,  or  even  pistons  in  the  cylinders.  It  is  hard  to  awaken 
sufficient  enthusiasm  in  the  owner  to  pull  it  down  at  proper 
periods  and  renew  all  worn  valves  and  pistons.  The  owner 
of  a  plant  who  is  unfortunate  enough  to  own  a  motor  car, 
usually  insists  on  having  the  valves  ground  every  few  thousand 
miles  and  the  pistons  and  other  important  moving  parts  attend- 
ed to  regularly.  After  these  repairs  are  made  he  will  tell  tales, 
with  a  certain  amount  of  unholy  glee,  of  the  number  of  friends 
he  was  able  to  pass  on  the  road,  and  that  he  is  now  getting 
"steen"  miles  to  the  gallon.  But  if  his  manager  suggests  stop- 
ping the  plant  long  enough  to  overhaul  a  1000  h.p.  steam  engine, 
he  is  apt  to  treat  him  with  a  certain  amount  of  coldness  and 
suspicion  and  to  talk  as  if  the  manager  was  a  highwayman 
in  his  previous  existence. 

Many  of  the  auxiliary  air  driven  engines  used  underground 
are  steam  engines  taken  from  stock  and  sent  into  the  pit, 
just  as  received.  As  steam  requires  more  clearance  than  air, 
a  considerable  saving  in  power  may  be  gained  by  having  all 
clearances  reduced  to  a  minimum,  but  the  pit  engine,  like  the 
pony,  never  again  sees  the  surface,  to  be  overhauled,  unless 
it  is  broken  up  or  so  badly  worn  that  it  fails  to  haul  its  given 
load. 

Listening  to  the  exhaust  of  many  of  these  engines  gives 
one  the  impression  that  the  exhaust  pressure  is  as  high  as  the 
initial,  or  in  other  words,  that  the  air  is  blowing  straight  through. 
Considering  that  12,000  to  14,000  B.T.U's  are  released  when 
a  pound  of  coal  is  burned  under  a  boiler  and  that  less  than  one 
percent  of  this  power  is  actually  applied  to  hauling  a  box  in 
the  pit,  the  balance  must  disappear  through  the  boiler  setting, 
stack  and  steam  pipes,  leaking  engines  and  compressors  and 
the  friction  of  ropes  dragging  on  the  ground,  across  rails  and 
against  pillars.  These  facts  offer  a  wonderful  opportunity 
for  somebody  by  improving  existing  equipment  and  educating 
the  fireman,  to  effect  a  substantial  saving  in  power  and 
thereby  materially  reduce  the  cost  of  producing  ccal  and  steel. 
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Discussion. 

Mr.  T.  J.  Brown  moved  a  vote  of  thanks  to  Mr.  Dwyer 
for  his  paper. 

In  seconding  the  vote  of  thanks  to  Mr.  Dwyer,  Mr. 
J.  C.  Nicholson  referred  to  the  Springhill  colliery  plant, 
which  was  typical  of  many  of  the  older  plants  in  the  province. 
Striking  economies  had  been  accomplished  there  by  replace- 
ment of  old-type  boilers  by  modern  water-tube  boilers  and 
through  the  utilization  of  exhaust  steam  in  mixed-pressure 
turbines. 

Mr.  J.  R.  Dinn:  Mr.  Dwyer  has  made  a  plea  for  better 
education  of  the  boiler  firemen,  and  I  think  that  on  this  point 
he  will  find  general  agreement  among  colliery  managers  and 
engineers. 

Mr.  H.  B.  Gillis  agreed  that  sufficient  attention  was  not 
paid  to  the  firemen.  He  also  emphasized  the  desirability  of 
frequent  tests  of  the  air  lines,  instancing  a  case  at  Wabana 
where  200  h.p.  of  compressed  air  was  required  to  operate 
a  pump  which  had  recently  been  replaced  by  a  50-h.p.  electric 
motor. 
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